cDNA Synthesis for qPGR 


Exceptional representation from less.starting material every time. 


Introducing qScript™, from Quanta BioSciences, the new 

standard for reproducibility, specificity, speed, and sensitivity 

in cDNA synthesis for qPCR. No other product delivers 

better sample representation, faster, and easier. qScript™ 

is available in several formats 

* qScript™ cDNA Supermix: The first and only optimized 
‘one-tube 1st strand cDNA synthesis for 2-step RT-PCR. 

* qScript™ cDNA Synthesis Kit: Broad reproducibility 
for 2-step REPCR. 
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* qScript™ Flex cDNAKit: Priming flexibility and 
sensitivity for Tst Strand cDNA synthesis, 

+ qScript™ One-Step qRT-PCR Kit: Maximum RT-PCR 
efficiency, sensitivity, and specificity 

The founders of Quanta Biosciences have a legacy of leading the 

development of pioneering reagents including SuperScript® 

1 Step RT-PCR kits Platinum*Tag,iScript™ and iQ™ Supermix. 

QScript™is their latest industry-defining product. 

To lear more about qScript™ visit quantabio.com 
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Clonetics’ Primary Cells & Media 


In Vivo Relevance. In Vitro Results 


From the leaders in primary 
Normal and non-immortalized cells, ideal for simulating 


culture: 


in vivo physiology in an in vitro environment 


Clonetics® cells and media, tested together under strict OC 


standards for risk-fre 


culture 
Optimized, convenient me: cell growth and 
expansion 

Cryopreserved ampules, proliferating plates, or flask 


your specific application 


Lonza Walkersville, Inc, 8830 Big 
Clnetics is a registered trademar 
www.lonza.com 


Choose CI s® with the widest off 
primary cells, including epithelial, endothelial, fibroblast, 
keratinocyte, bone, neural 
hepatocyte cells for your research 
applications. 
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Visit our website at 
www.lonzabioscience.com/clonetics 
to receive a FREE Lonza Cell Mug. 


LONZa 


GE Healthcare @ PURE Expertise 


Want to purify even the most challenging 
proteins and gain the edge in your research? 
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SCIENCE EXPRESS 


www.sciencexpress.org 


MEDICINE 

A Neuroligin-3 Mutation implicated in Autism 

Increases Inhibitory Synaptic Transmission in Mice 

K Tabuchiet al. 

‘Amouse model reveals that a mutation that changes the balance of excitatory and 

inhibitory synapses affects leaming skills, a finding that may help understand autism. 
10.1126/science.1146221 
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DEVELOPMENTAL BIOLOGY 

A Vasculature-Associated Niche for Undifferentiated Spermatogonia in 

the Mouse Testis 

S. Yoshida, M. Sukeno, ¥. Nabeshima 

Time-lapse imaging reveals that the stem cells that generate sperm are located near 

blood vessels in the testis of mice, a different organization than in invertebrates. 
10.1126/science.1144885 


GENOMICS 

‘A Metagenomic Survey of Microbes in Honey Bee Colony Collapse Disorder 
D. L Cox-Foster et al. 

‘Acomparative genomic approach suggests that a virus may be contributing to the 
current devastation of domesticated bee colonies. 
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NEUROSCIENCE 
Leptin Regulates Striatal Regions and 355 
Human Eating Behavior 

1. Faroogi et al 

A brain-imaging study of two leptin-deticient individuals suggests. 
that this appetite-suppressing hormone acts to diminish the 
perception of food's rewarding properties. 
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PHYSICS 

Bilayer "He: A Simple Two-Dimensional 
Heavy-Fermion System with Quantum Criticatity 
M. Neumann, J. Nyéki, B. Cowan, J. Saunders 
Thermodynamic measurements show that a bilayer of fluid ?He, 
the simplest Fermi system, surprisingly shows quantum criticality 
and can be used to study this phenomenon. 
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PSYCHOLOGY 
Humans Have Evolved Specialized Skills of 

Social Cognition: The Cultural Intelligence Hypothesis 
E. Herrmann et al. 

Children who are 2 and a half years old deal with quantities, space, 
and causality as well as adult chimps but far surpass them on social 
learning tasks, communication, and theory of mind skills. 
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Slide-sized PCR plates 


Slidetiter™ describes a novel PCR 
plate which is the footprint of a mi- 
croscope slide. Not only isthe size 
condensed, but the wall thickness 
is reduced to half that of conven- 
tional thin-wall plates for ultra- 
quick PCR protocols. Four Slideti- 
ter plates can insert into a single 
frame producing the equivalent 
of a standard microplate. This ad- 
vance allows the use of existing lab 
equipment to prepare and analyze 
PCR samples. 


Finnzymes # Tel. 1-800-993-1283 # Fax 1-617-245-1962 


* Ofer salt outs bpp by December tt 2 


Sidetiter frame (blue) with three 96- 
well Sldetiter plates assembled and 
‘one plate removed. 


Super compact 
PCR machine 


The Piko™ thermal cycler relies 
upon our Slidetiter plate to achieve 
a tiny footprint — less than half the 
size of any cycler. Our unique de- 
sign delivers unparalleled thermal 
performance completing a PCR 
protocol in less than 10 minutes. 
‘And with an automated lid, CD 
drive-like loading mechanism, and 
multiple block formats (24-, 96- or 
384.well) the Piko is a natural fit 
for any lab, 


info@finnzymes.com * www.finnzymesinstruments.com 
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MATERIALS SCIENCE 
Muscular Thin Films for Building Actuators and 1366 
Powering Devices 

A.W. Feinberg et al. 

Patterning of muscle cells grown on centimeter-scale, flexible 
substrates allows the free films to form actuators with complex 
three-dimensional shapes. 

MATERIALS SCIENCE 

Imaging of Arsenic Cottrell Atmospheres Around 1370 
Silicon Defects by Three-Dimensional Atom Probe 
Tomography 

K. Thompson et al. 

Three-dimensional atom probe tomography locates individual 
dopant atoms and defects inside silicon and shows that the 
environment around them helps fix their location, 

CHEMISTRY 

Soft X-ray-Driven Femtosecond Molecular Dynamics 1374 
E, Gagnon et al. 

An ultrashort laser pulse is used to eject an electron from diatomic 
nitrogen and to examine how other electrons, thus activated, cause 
the motecule to fall apart. 

PALEONTOLOGY 

A Basal Dromaeosaurid and Size Evolution 1378 
Preceding Avian Flight 

AH. Tumer et al. 

Asmall Cretaceous dinosaur from Mongolia represents the basal 
divergence of the lineage leading to birds and shows that dinosaur 
size varied in this lineage. 

ATMOSPHERIC SCIENCE 

20th-Century Industrial Black Carbon Emissions 1381 
Altered Arctic Climate Forcing 

J. R. McConnell etal. 

‘A Greenland ice core shows that black carbon particles have altered 
snow reflectivity and Arctic climate and were particularly abundant 
in the atmosphere from 1850 to 1950. >> Pers 
PLANETARY SCIENCE 

Saturn's Gravitational Field, Internal Rotation, 1384 
and Interior Structure 

J. 0. Anderson and G. Schubert 

Cassini gravity data imply that Saturn is spinning faster than 

has been thought, implying that its equatorial winds are slower 

and higher-latitude winds blow east and west. 

>> Perspective p, 1330 

BIOCHEMISTRY 

Asymmetry in the Structure of the ABC 1387 
Transporter-Binding Protein Complex BtuCD-BtuF 

RN, Hvorup et al. 

‘The structure of a bacterial transporter for vitamin B,, and 

its binding protein partner reveals an occluded state that may 
Fepresent an intermediate step in transport. 
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STRUCTURAL BIOLOGY 
Leul-Desipramine Structure Reveals How 1390 
Antidepressants Block Neurotransmitter Reuptake 

Z.Zhou etal. 


The structure of an antidepressant drug bound to a bacterial 
‘transporter reveals how these drugs may work on neurotransmitter 
transporters in humans. 
BIOCHEMISTRY 
Cysteine Redox Sensor in PKGlc: Enables 1393 
Oxidant-Induced Activation 
J. R. Burgoyne et al. 
‘An unusual redox-triggered dimerization can, like nitric oxide, 
activate cyclic GMP-dependent kinase to reduce blood pressure 
by decreasing tension in blood vessel walls, 

> Perspective p. 1331 
GENETICS 
‘Common Sequence Variants in the LOXL1 Gene 1397 
Confer Susceptibility to Exfoliation Glaucoma 
G. Thorleifsson et al. 
‘Agenome-wide study reveals that a type of glaucoma characterized 
by accumulation of fibrillar deposits inthe eye fs associated with a 
{gene variant that modifies elastin fibers. 
GENETICS 
The Fusarium graminearum Genome Reveals a Link 1400 
Between Localized Polymorphism and Pathogen 
Specialization 
CA. Cuomo et al. 
The genome of a filamentous pathogenic fungus shows excess 
polymorphism in regions with high levels of recombination. 
PSYCHOLOGY 
The Perception of Rational, Goal-Directed Action 1402 
in Nonhuman Primates 
J..N. Wood, D. D. Glynn, 8. C. Phillips, M. D. Hauser 
Apes, as well as New and Old World monkeys, can analyze 
‘goal-directed actions and infer the underlying rationale. 
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SCIENCENOW 
wwow.sciencenow.org 


How the Elderly Stay Positive 
With age, the brain's response to negative emotions 
may wane. 


Fertile Times for May-December Couples 
‘Older men who mate with younger women have 
evolutionary advantage. 

Right Time, Wrong Fish 

Decades of conservation work in Colorado toiled by 
‘case of mistaken identity. 


Responding to hedgehog. 


SCIENCE'S STKE 


wwwstke.org_SiGNA 


PERSPECTIVE: The Aryl Hydrocarbon Receptor— 
An Illuminating Effector of the UVB Response 

P. Agostinis, M. Garmyn, A. Van Laethem 

The cellular response to ultraviolet B radiation is mediated by the 
aryl hydrocarbon receptor. 

PERSPECTIVE: Hedgehog Signating—Cooking with Gast 
J.-S. Kang, W. Zhang, R. 5. Krauss 

Positively and negatively acting ligand-binding proteins fine-tune 
the response to hedgehog signaling. 


NSDUCTION KNOWLEDGE ENVIR 


wuw.sciencemag.org 


Physician-scientists in high demand. 


SCIENCE CAREERS 


wonw.sciencecareers.org CAREER RESOURCES FOR SCIENTI 


US: Capital Losses 

B. Benderly 

Able young people are becoming physician-scientists, 

but keeping them is a challenge. 

EUROPE: A Karolinska Doctoral Candidate Learns the Joys 
of Business Ownership, Research, and Fatherhood 

L Laursen 

‘Mohammed Homman isin no hurry to defend his dissertation; 
he's got other priorities. 

EUROPE: A Job in the Video-Game Industry 

E Pain 

‘As achld, computer scientist Ronan Marchalot played 

video games, but now he writes them. 


GRANTSNET: September 2007 Funding News 
GrantsNet Staff 

eam about the latest in research funding opportunites, 
scholarships fellowships, and internships. 


\SCIENCEPODCAST 


Download the 7 September 
Science Podcast to hear about 
social cognition in humans and 
primates, insights into early 
flight from a small dinosaur 
specimen, efforts to save China's 
tigers, and more. 

sn ciencemag ora/aboutpodcast dt 
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‘The Norwegian Academy of Science and Letters 
announces the 


CALL FOR NOMINATIONS 


EELE 


For outstanding scientific research in: 


ASTROPHYSICS +» NANOSCIENCE + NEUROSCIENCE 


Nomination deadline: December 15, 2007 


Nominations will be reviewed by committees of leading international experts appointed by: 


The Norwegian Academy of Science and Letters 
based on recommendations by: 
The U.S. National Academy of Sciences 
The Royal Society (UK) 
The Max Planck Society 
The French Academy of Sciences 
‘The Chinese Academy of Sciences 
The Kavli Prize is a partnership of 
‘The Norwegian Academy of Science and Letters, 
‘The Kavli Foundation and 
‘The Norwegian Ministry of Education and Research. 


‘The first Kavli Prizes will be awarded in Oslo in September 2008 
and will consist of: 


AGOLD MEDAL + US $1,000,000 + A SCROLL 
For details about the nomination process see 
‘The Kavli Prize website, www-kavliprize.no or contact 
‘The Norwegian Academy of Science and Letters: www.dnva.no. 
An online submission form is available. 
A partnership of: 


¥ 


‘THE NORWEGIAN MINISTRY 
OF EDUCATION AND RESEARCH 


‘THe 3 Kavu FOUNDATION 


© 


‘THE NORWEGIAN ACADEMY OF SCIENCE AND LETTERS 


www.kavliprize.no 
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Quantum Criticality in 
Helium Bilayers 


Unlike classical critical points, quantum critical 
points occur in the limit of zero temperature, 
where two possible ground states of the system 
compete as a function of some other system 
parameter, such as pressure or magnetic field 
Quantum criticality is thought to hold the key to 
understanding the states of matter that do not 
conform to the "standard model” of condensed 
matter physics, Landau Fermi liquid theory. 
Historically, bulk liquid He, the simplest Fermi 
system, played a key role in the development of 
Landau’ theory. However, Neumann et al. 

(p. 1356, published online 26 July; see the Per 
spective by Hooley and Mackenzie) show that 
bilayers of *He show quantum critical behavior 
when the coverage reaches a critical density. 
Finding a 3He analog of behavior more com 
monly associated with complex materials may 
provide a more theoretically tractable system for 
studying quantum criticality 


Reassessing Core Spinning 
Saturn's rocky core spins hidden beneath thick 
cloud layers. By combining Cassini gravity meas 
urements with Pioneer and Voyager radio occulta- 
tion and wind data, Anderson and Schubert 
(p. 1384; see the Perspective by Podolak) deduce 
that Saturn's core rotates 7 minutes faster than 
the rate determined from previous estimates 
based on periodicities in magnetic and low: 
frequency radio data that were not tied directly to 
the actual motion of the core. Relative to the fast 
spinning core, our perspective of Saturn's atmo- 
spheric winds must also be altered. Much slower 


www.sciencemag.org 
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<< Initial Events in X-ray Excitation 


X-ray methods have enabled atomic-scale structural characterization of 
many systems, but the high energy of x-rays can induce chemical dam- 
‘age. Such damage is challenging to probe because the seminal events 
‘occur on time scales much shorter than the duration of technologically 
accessible x-ray pulses. The recent advent of laser-induced high har- 
monic generation has overcome this limitation, and Gagnon et al. 
(p. 1374) apply the technique to study the interaction dynamics of N, 
molecules with femtosecond x-ray pulses. The pulses have sufficient 
energy to eject an electron and simultaneously excite an additional 
electron in the same molecule, which leads to shell rearrangements on 
an ultrafast time scale that the authors could characterize through 
imaging of further ionization events. 


eastern wind speeds are needed at the equator, 
corresponding to a reduced equatorial bulge from 
122 to 10 kilometers, and the winds at higher lat 
itudes flow both east and west, as on Jupiter. The 
more rapid rotation implies a relatively small ice 
rock-metal core at Saturn's center. 


Clues to Body Sizes 
of Bird Ancestors 


The changes involved in the early evolution of 
birds and flight (before Archaeopteryx appeared 
in the Jurassic) are poorly preserved in the fossil 
record, Turner et al. (p. 1378) describe a later 
Cretaceous dinosaur from Mongolia that retains 
many primitive features and is phylogenetically 


Flexible Force Generation 


‘As a compact source of motive power, muscle 
cells retain many advantages over artificial sys 
tems they have inspired; for example, the force 
delivered and the frequency at which muscle 
contraction occurs can be tailored over a wide 
range. However, taking full advantage of 
muscle cells in devices 
requires the ability to 
mimic the three 
dimensional nature of 
muscle tissue starting 
Feinberg et al. 

(p. 1366) have cul 
tured neonatal rat ver 
tricular cardiomyocytes 
onto polydimethyl 
siloxane (PDMS) films 
on the centimeter size 
scale. Prepatterning of 
the support with micro: 
contact-printed lines of 
fibronectin controlled the 

tissue shape, and PDMS film thickness con 
trolled the bending stiffness. In this way, com 
plex shapes, such as the spiral form of a mail 
ing tube, could be created. Small devices, 
which can contract spontaneously or be paced 
by an extemal potential, were able to swim, 
walk, or grip objects. 


positioned as a basal dromaeosaurid (which are 
part of the clade Paraves that also includes 
Archaeopteryx and later birds). The taxon’s small 
body size (70 centimeters) supports the notion 
that a decrease in body size in dinosaurs pre 
ceded the evolution of flight in the lineage that 
led to birds; the largest Archaeopteryx 
is about 65 centimeters. 


Reflections on 
Sooty Surfaces 


Black carbon, or “soot,” can impact 
climate through its extremely effi 
cient absorption of sunlight. 
Although most of the impact of soot 
comes from its presence in the 
atmosphere, its influence can be crit- 
ical when it deposits on snow and ice 
and dramatically changes surface 
reflectivity. McConnell et al. (p. 1381, 
see the Perspective by Alley; published online 9 
August) present a 215-year-long record of North 
American emissions of black carbon, based on its 
concentration in an ice core from Greenland. 
Black carbon deposition was greatest between 
about 1850 and 1950, and industrial activity 
Continued on page 1291 
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Genome Sequencer FLX System 


Longer sequencing reads 
mean more applications. 


Flowgram showing a single read of 256 bases. 
Each bar represents a discrete base (A. T, C, or G), and 
the height of a bar correlates to the number of bases in 
a specific position 


454 Sciences 


For lie science research only. Not for use in diagnostic procedures. 


484 and GENOME SEQUENCER are ademarks uf 54 Lite Ssences Corporation, 
Branford, CT USA 


©2007 Roche Diagnostics Gb. Al ght eseved. 


jc instrument run, the Genome Sequencer FLX System 
{tes over 400,000 reads of 200 to 300 bases with 99.5% accuracy 


per read, 
Perform de novo sequencing of whole genomes. 
Analyze full-length cDNA, including splice variants, 
Discover viral subtypes (c.g. HIV). 


Uncover the diversity in metagenomic samples 
More Flexibility, More Applications, More Publications 


Visit www.genome-sequencing.com to learn about the expanding 


number of peer-reviewed publications appearing weekly 


Roche Diagnostics GmbH 
Roche Applied Science 
68298 Mannheim, Germany 
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during that period resulted in an increase of radiative forcing at the surface as much as eight times 
greater than that during the preindustrial era, 


Acquiring the Necessary Skills 

Humans are social animals and, aided in large part by language, are supremely capable of transfer- 
ring knowledge and skills across generational and genetic boundaries. One way to gain insight into 
how these social cognitive skills arose is to detect differences in the onset of some of these skills in 
human, ape, and monkey infants. Herrmann et al. (p. 1360) present the implementation of what 
they have labeled the Primate Cognition Test Battery, which has been designed to assess social and 
physical cognition, in approximately 100 children, 100 chimpanzees, and 30 orangutans. At an age 
of 2% years, human children perform as well as chimpanzees on the physical tasks and much better 
than them on social tasks. Human adults normally use their hands, not their heads, to tum a light 
switch, So do infants, even after they have observed an adult using their head—if they see that their 
hands were occupied by holding a blanket. However, if infants see an adult use their head when their 
hands are free, they conclude that there must be some underlying reason for using the head, and 
they will do so, too, Wood et al. (p. 1402; see the news story by Pennisi) assess whether this capacity 
for looking beyond the surface to see the intentions underlying goal-directed actions can be detected 
in nonhuman primates, They find that it can—in chimpanzees, macaques, and tamarins—implying 
that bases for this cognitive skill arose at least 40 million years ago. 


The Molecular Machinery of 
Mood Swings 


The action of monoamine neurotransmitters that serve as signaling 
molecules in mood and motivation begins when they are released from 
the presynaptic nerve terminal and ends when they are transported from 
the extracellular space back into the cytoplasm via dedicated sodium 
dependent plasma membrane transporters. Zhou et al. (p. 1390, pub: 
lished online 9 August) describe the crystal structure of a bacterial 

homolog (Leu) of the mammalian monoamine transporters in complex 

with its substrate (leucine) and an inhibitor of norepinephrine transport 
(the antidepressant desipramine). On the basis of homology modeling of 
the human transporters for serotonin, norepinephrine, and dopamine 
(hSERT, hNET, and hDAD), they construct mutants of hSERT and hDAT and show that these 
exhibit the predicted sensitivity of serotonin and dopamine uptake to desipramine inhibition, 


Genetic Risks in Exfoliation Glaucoma 

Exfoliation glaucoma (XFG) is a common, sight-threatening disease associated with chronic accu 
mulation of fibrillar matrix products caused by abnormal aggregation of elastic microfibril compo: 
nents (exfoliation syndrome). Thorliefsson et al. (p. 1397, published online 9 August; see the 10 
‘August news story by Marx) performed a whole-genome association study on an Icelandic cohort 
and a Swedish cohort and found that XFG was associated with variation in the LOXL1 gene, a mem 
ber of the lysyl oxidase family of proteins, that is involved in the formation of the elastin polymer 
fibers. Two common single nucleotide polymorphisms (SNPs) that result in changes in the region of 
the protein that affects substrate specificity were identified that were associated with the exfolia- 
tion syndrome and with XFG. The risk for XFG that they confer on those who have two copies of the 
high-risk haplotype of the two SNPs is more than 100 times greater than that for those with only 
the low-risk haplotypes, 


A Genetic Handle on Head Blight 


Fusarium graminearum, a fungal plant pathogen that causes head blight of wheat and barley, has 
resulted in the largest economic loss to United States agriculture in the last decade. Cuomo et al. 

{(p. 1400) sequenced the genome of F. graminearum and revealed genes involved in host-pathogen 
interactions. In addition to the genome sequence, more than 10,000 single nucleotide polymorphisms 
\were identified through comparison with a sequence from a second strain. These data suggest that within the 
genome, highly variable and gene-rich regions harbor genes potentially associated with pathogenicity 
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Monomeric 
Bright 


TagRFP 


fusion is easy 


TagREP is the brightest red (orange) 
monomeric fluorescent protein ideal for 
generation of fusions with cellular 
proteins. 


Excitation max $55 nm 
Emission max 584nm 
Brightness (% of EGFP) — 145 


3.8 


Publiahed in Meziyak ot al, Nat. Methods, 2007; 4(7) 855-557 


pKa 


‘TagRFP use for cell and protein labeling. 
{(A) HeLa cells expressing TagRFP fusion with vinculin; 


(8) HeLa cells expressing TagRFP fusion with zyxin; 
19 TagRFP fusion with end- 
binding protein 3 (EB3); (0) HeLa cells expressing 
‘TagRFP fusion with alpha-tubuli, 
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The Brain/Education Barrier 


IN AN ERA OF TRANSLATIONAL SCIENCE, RESEARCHERS OFTEN FIND THEMSELVES IN THE 
mixed company of policy-makers, legislators, and educators looking for “evidence-based” 
practice. That’s how it was earlier this year in March, when a distinguished intemational group 
of neuroscientists and cognitive psychologists convened at the University of Chile in Santiago 
forthe conference titled Early Education and Human Brain Development, which many Chilean 
ministers, educators, and scientists attended to leam how brain science might transform education, 
On day one, however, it became clear that myths about brain-based pedagogy dominated 
participants’ thinking. The Chilean educators were looking to brain science for insights about 
which type of preschool would be the most effective, whether children are safe in child care, and 
how best to teach reading. The brain research presented at the conference that day was mute on. 
ive and behavioral science could help. 

How could an international group of scientists communicate that there is superb developmen- 
tal evidence that speaks directly to educational concerns, whereas brain se 
ence cannot yet do so? How might brain science become an aspect, rather 
than the driving force, of ongoing educational discussions? To address these 
questions, we and scientists from Chile, France, Germany, Holland, Spain, 
the United Kingdom, and the United States drafted the Santiago Declaration, 
a statement reflecting what science can tell us about early education. It sum- 
marizes knowledge about child development and early learning, the benefits 
of embedding leaming in meaningfil social contexts, the importance of 
active rather than passive learning, the need for sensitive and responsive envi- 
ronments, and the need for concern about how, not just what, children le 
We hope that this declaration (www,jsmforg/declaration) will become a 
focal point for the discussion of evidence-based educational practice. 

How did the myth of brain-based pedagogy become so pervasive in educa 
tional discussions? How did policy-makers, educators, and the public become so misinformed? 
Current worldwide interest in early childhood development can be attributed to a successful 
public relations campaign launched in the mid-1990s in the United States, The campaign promoted 
legislation to fund Early Head Start, Media interest made the campaign's message headline news 
for parents around the world, Yet brain science, which is still refining methods to analyze early 
brain development, is not ready to relate neuronal processes to classroom outcomes, 

Current brain research offers a promissory note for a future in which developmental models 
and theories of learning may be refined based on how brain systems support learning, Meanwhile, 
popular misunderstandings present a serious downside, One example is the emphasis given to the 
popular, but scientifically unsupported, notion ofa critical period during which children’s brains 
can lear almost any subject efficiently. Belief in a biologically limited critical period for learning 
mobilized governments, legislators, and media worldwide to pass legislation and fund early 
childhood programs. The educational literature is now stocked with books and articles boasting 
brain-based curricula and practices. Brain-based consultants continue to visit school districts 
Anda market has grown for brain-based toys. The message of synaptic growth and critical periods 
has affective appeal, but no scientific substance. Unfortunately, this enthusiasm has caused us to 
neglect research that tells us how children learn, 

The Santiago conference suggested how scientists might better fi mixed translational 
company. We must keep in mind that motivated educators and policy-makers are the end users 
of scientific research, Scientists should listen to the practical questions generated by these 
consumers. Real dialogue starts when we address misconceptions and misunderstandings across 
the research/practice divide. Over time, these conversations can lead to a common vocabulary 
informed engagement, meaningful applied research, and ideally, evidence-based practice. The 
conversation might even contribute to more informed policy discussions, We applaud the 
attention directed to the world’s youngest citizens, and urge that policies, standards, curricula, 
and, to the extent possible, ventures, be sensitive to evidence-based practice based 
on the best sciemtific research. 
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Reduced by the Main Group 


sTRY 


The addition of H, across C=0 and C=N multiple 
bonds has tended to require help from transition 
metals to coax the process along by first slicing 
through the bond connecting the two H atoms, 
‘An unusual metal-free complex, composed of 
phosphorus and boron centers bridged by a fluo 
rinated phenyl ring, was recently also shown to 
reversibly cleave H,—ostensibly by proton addi: 
tion to P and hydride transfer to B. Chase et al. 
have now found that, like transition metal com 
plexes, this main group compound acts as an 
effective catalyst for hydrogenation of CN bonds 
in aziridines and sterically encumbered imines. 
The reaction is fastest when electron-donating 
substituents raise the basicity of the imine nitro 
gen, implicating a mechanism involving initial 
proton transfer from the P center. Nitriles and 
less bulky imines blocked catalysis by coordinat 
ing tightly to the B center but could be induced 
to react through protection by an external coor 
dinating borane. — JSY 
Angew. Chem. Int. Ed. 46, 
10.1002/anie.200702908 (2007). 


OCEAN SCIENCE 


An Emergent Role for Eddies 


Much of the kinetic energy of the ocean is con: 
centrated in the mesoscale region of its eneray 
spectrum, which is populated by structures with 
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EDITED BY GILBERT CHIN AND JAKE YESTON 


ECOLOGY/EVOLUTION 
Globalization via Drift 


The evolutionary consequences of plate tectonic movements on bio 
logical organisms are often hard to reconstruct. The twin processes of 
extinction and dispersal tend to obscure biogeographical patterns 
that might otherwise be interpreted straightforwardly in the context 
of continental drift. The ideal group of organisms for such a study 
would be one that is ancient (originating before the breakup of Pan- 
gaea roughly 200 million years ago), that disperses poorly or not at. 
all, and that still survives worldwide. Boyer et al. have focused on 
Cyphophthalmi—a suborder of the spiderlike long-legged harvest- 
men that inhabit leaf litter—which originated around 400 million 
years ago. A phylogeny constructed from DNA sequence data shows 
that almost all families of these harvestmen show clear biogeograph- 
ical patterns that can be traced backward to the breakup and disper 
sal of the major land masses and continental islands. Relation- 
ships between the families suggest that the New Caledonian fauna 
(Troglosironidae) is more closely related to that of the former 
Gondwanan tropics (Neogoveidae) than to those of Australia and 
New Zealand, and this shared origin explains why they both exhibit 

the unusual row of teeth on the second walking-leg claw. — AMS 
J. Biogeogr. 34, 10.1111/.1365-2699.2007.01755.x (2007). 


dimensions of tens to hundreds of kilometers 
and durations of tens to hundreds of days. There 
are two distinct types of mesoscale variability 
linear westward-propagating Rossby waves and 
nonlinear eddies—but itis difficult to distin: mo 
uish one from the other observationally. Satet 
lites have proven to be the best platform for 


contribute to general circulation and ocean biol: 
‘ogy in ways that Rossby waves cannot, — HJS 
Geophys, Res. Let. 34, 115606 (2007), 


CULAR BIOLOGY 


Prospective Sampling 


‘measuring the extent of these features, and 
based on data they yielded, the accepted view 
became that most of the mesoscale variability of 


the oceans was due to Rossby waves. Now, how: 
ever, Chelton et al. have used additional mult 
satellite altimeter data to show that more than 
hralf of the extratropical sea surface height vari 
ability that defines these structures is actually 
due to eddies. The remaining variation is proba 
bly due to eddies with shorter lifetimes, method: 
ological error, and other physical processes such 
as Rossby waves. Because nonlinear eddies can 
transport momentum, heat, and mass, they can 


Like its chemical cousin DNA, the most common 
structural motif adopted by RNA is the double 
helix, There are many instances (transcription, 
pre-mRNA processing, and ribosome biogenesis) 
where double-stranded RNA (dsRNA) needs to be 
uumound and unzipped, functions performed by 
motor proteins known as RNA helicases. To 
understand more about how helicases go about 
their business, Cheng et al. have challenged the 
hepatitis C virus NS3 helicase with strong 
versus-weak and long-versus-short barriers, They 
show that NS3 readily unzips a hairpin of 30 A:U 
base pairs but dissociates or pauses before 
entering the same length of more stable G:C 
base pairs. When faced with a three-G:C base 
pair zipper, NS3 ploughs right on through, yet 
lengthening the barrier to six G:C base pairs 
‘causes NS3 to pause, indicating that the enzyme 
must be sampling the RNA just ahead of where 
helicase-mediated unwinding takes place. The 
former interaction may serve to destabilize the 
dsRNA during the pause that precedes unwind: 
ing and thereby enhance the processivity of the 
‘enzyme. — GR 

Proc. Natl, Acad. Sci. U.S.A, 104, 13954 (2007). 

Continued on page 1297 
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‘IG 1.4 59 bp fragment was 
amplied trom as ie a5 1 pg 
‘faa DNA in 16 mites. 


TAQXpedite™ GREEN Real-Time PCR—Fast qPCR 


~» Efficient qPCR in as little 
as 30 minutes. 


‘= High sensitivity and 
specificity. 


* Wide dynamic range with 
excellent POR efficiencies. 


‘* Convenient MasterMix. 
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‘G2, Seal lutions of lambda DNA 12810 107 
copls, was amplified 


tails, go to www.EpiBio.com 
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Solidifying into Shape 


Finding materials that spontaneously form spe 
cific ordered patterns is a key for bottom-up fab: 
Fication strategies at the nanometer scale. Block 
copolymers, in which two or more dissimilar 
polymers are chemically linked, have the advan 
tage in this respect of being thermodynamically 
driven toward regularly spaced patterns. One 
shortcoming though is that tuning the pattem 
often requires synthesis of a new block copoly 
mer, Ejima et al. show that directional crystal 
lization, a technique that has been used to 
enhance the patterning of block copolymers, can 
also be applied to a mixture of dissimilar 
homopolymers, which would normally phase 
separate into large disordered regions. They 
combined poly(t-lactic acid) (PLLA), a crystalliz 
able polymer, with poly(vinyl acetate) (PVAC), 


one of many amorphous polymers with which 
PLLA is miscible. The two were dissolved at high 
temperature in hexamethylbenzene (HMB) and 
afterward transferred to a heating stage below 
the melting temperatures of HMB and PLLA but 
above the glass transition temperatures of both 
polymers. As the HMB crystallized along a grow 
ing front, the concentration of PLLA increased 
Until it too formed axial crystals in the same 
direction (as distinct from the usual spherulitic 
morphology). Pitch spacings of 69 nm 


www.stke.org 


(ecdysone receptor) is activated by ecdysone. Noting the similarity between the ligand-binding 


domain of USP in arthropods that are not Mecopterida 


sample areas and 


ere tun 
MSL 
Macromolecules 40, 6445 (2007) 


observed over Lar 
able by variation of the PVAc fraction. 


A New Pair of Dice 


The metal-sulfide clusters at the heart of the 
nitrogenase proteins pose questions for the 
biochemist—hor 
and for the inorganic chemist 


re these assembled and 


inserted? what 
are the electronic properties that enable these 
enzymes to catalyze the reductio 
under mild conditions? The P cluster (Fe,S,) and 
the FeMo cofactor (MoFe,5,) of the MoFe nitro: 
genase both contain a framework that can be 
Jescribed as two cubes joined at a vertex, which 
is either a hexacoordinate sulfur ato 
ntified light atom (thought to be C, N, or 
th the central six iron atoms connected by 
other sulfur ligands. Ohki et al. have 
he 
sare linked by a hexacoordi 
Js. Bulky thiol 
triiso 


of dinitrogen 


oran 
uni 
0), 
two or th 
synthesized a new [8Fe-75] cluster where 
plete cuba 
nate sulfur and three anionic ligan 
substituents (R = dimesitylphenyl an 
propylpheny)) and nonpolar solvents stabilized 
the dimeric [Fe,(}.-SR),] core of the starting 
material, which after reaction with elemental 
sulfur for 4 days provided a Fe,S, cluster in 28% 
yield. A cyclic voltammogram indicated that the 
cluster may be electrochemically active, and EPR 


supported the assignment of the 
The P cluster 


measuremen 
ion states as Fe(I), Fell), 
and the FeMo cofactor are but a few synthetic 
steps away, at least on paper, raising the possibil 
ity that this thermodynamically stable construct 
might also be accessed biochemically. — GJC 
J.Am. Chem, So¢. 129, 10457 (2007) 


oni 


<< A Silent Partner 


Like the vertebrate retinoid X receptors (RXRs) that it structurally and 
functionally resembles, the arthropo 
erodimerizes with other nuclear re 
get genes. Various substances activate RXRs and have been postulated to 
serve as endogenous 


rotein ultraspiracle (USP) het. 
ceptors to activate transcription of tar 


jands, and the USP binding partner EcR 


hich includes the flies and moths) to that 


of the RXR, ema et al. cloned USP from the beetle Tribolium castaneum (TcUSP) as a representa: 
tive non-Mecopterida USP. RXR ligands failed to activate a protein containing the TCUSP D/E domains 
(Fegions important for ligand binding and heterodimerization), and electrospray ionization mass 
spectrometric analysis indicated that TCUSP failed to bind RXR ligands in vitro. Analysis of the crys 
tal structure of the TCUSP ligand-binding domain in the context of a functional TCUSP-EcR het 
‘erodimer indicated that TcUSP exhibited a stable apo structure in an inactive antagonist conforma 
tion, which did not have a conventional ligand-binding pocket. Phylogenetic analysis emphasized 
the evolutionary plasticity of the RXR-USP-family ligand-binding domain, suggesting that even 
though non-Mecopterida USP does not, RXRs do indeed bind endogenous ligands. — EMA 

E480 J. 26, 3770 (2007). 


www.sciencemag.org SCIENCE 


PIPETMAN Conc: cad 


New Electron 


Amazingly comfortable operation 


Simple" 
butto 


step’ 


commanc s, just click! 


‘0 pipette connection 


and exchange mod: 


w.gilson.co! 


VOL 317 7 SEPTEMBER 2007 


1297 


www.sciencemag.org 


Science 


11200 New York Avenue, NW 
‘Washington, DC 20005 
Fora 2023266550, fAX202-289-7562 
Nees: 202-326-6581, FAK 202-371-9227 


Bateman House, 82-88 Hills Road 
‘Cambridge, UK CB2 1L9 
+44 (0)1223 326500, FAK +44 (0) 1223 326501 


Surscurnon Seawees For change of address, missing issues, new 
orders and renewals, and payment questons:866-434-AAAS (2227), 
of 202-326-6417, FAX 202-842-1065, Malling address: AAAS, P.O. 
Box 96178, Washington, DC 20090-6178 or AAAS Member Services, 
11200 New York Avenue, NA, Washington, OC 20005 
Insmrutionat Site Licenses please call 202-326-6755 for any 
{questions ar information 
Reramrs: Author Inquiries 800-635-7181 

Commercial inquiries 803-359-4578 
Peauissons 202-326-7074, FAX 2026820815 
Mawes Benes Bookstore: AAASRamesandNablecom bookstore 
‘ora aaas.org/bn: Car purchase discount: Subaru VIP Program 

Rentals: 


Seabury & Sith 800-424-9883; Other Benet: AAAS Member Services 
202326-6417 or wemanasmemter.o1, 

Scence_editors@anas.ory (for general editorial queries) 
science letors@aaasory (for queries about ete) 
science reviews@anis. org or turing manuscript review) 
sence_bookrevs@aaas.org (fr book review queried 

Published by the Amerian Asociaton forthe Adhanaament of cence 
(GAAS), Scfnce eres Ws reader as a forum forthe presentation and 
‘icssion of important tues related to the advancement of scence, 
Including the presentation of minority or eonficting points of view 
rather than by pubbshing only material on which a consensus hasbeen 
reached, Accordingly, al acces published in Science-—inclding 
‘itor, news andcomment ad bck evews—aresigned and refit 
the individual view ofthe autos and not ofc pts view adopted 
by the AMS the ittutons wth which fhe authors are affated. 
‘ANAS was founded in 1848 and incorporated in 1874. ts mission 6 to 
advance scence and innovation throughout the work forthe Benet 
‘all people The goal a he asodation are to: foster communication 
‘among sientsts, engineers and the public; enhance ternational 
Cooperation in science ads applications: promote the responsible 
Conduct and use of sence and tednolgy ose education in scence 
and technology for everyone; enhance the science and technology 
workforce and ntastruture: increase public understanding and 
Appredation of scence and technology; and strengthen support fr 
the science and tedmology enterprise 


TavoumaTion Fon AuTwons 


‘ee pages 120 and 121 ofthe 5 January 2007 (sue or access 
 cencemag, orfeature/contribinfamhomeshtmt 


coroe-m-cher Donald Kennedy 
execute fovo8 Monica M. Bradford 


corur comoas ‘ews conoe 
R. Brooks Hanson, Barbara R.Jasny, Colin Norman 
‘Katrina L Kelner 


Eovomat surennsotystmos wren Prillp D. Szuom: samon exon 
‘xs sD. Chon Samos tamonsGibot) Cin Pamela), Hines, 
Pala A Kbestis (Boston), Marc. Lavine (loronto, Bevery A Purnel, 
Bryan Ray, Guy Riddhagh, Ht Jese Smith Vala Vinson, Davi Voss, 
‘sssocant aprons ate S.Yeston, Laura M. Zahn; omsme wean Stent 
Wil assocart omume toons Robert Frederick, Tara S. Maathe; noe 
‘msec Sherman ). Suter assoc rmens son Eta 
‘aroma saaaces Cara Tate; soon corrsnons Jey E. Cook yeti 
Howe, Hay Jach, Barbara P. Orda, Jennifer Sls, Trista Wagoner 
‘cory woes Lauren Kec, Peter Mooreside; wom cootomatons 
‘Grolyn Nie, Bevery Shields renucrnons asseraas Ranatouaye Diop 
‘Outs Flare, J0'S. Ganges, Jtey Hea, Usa Jobson Scat le, 
Jeny Richardson, Ban White, Arita Wyo: eononas asstmrs Emly 
‘Gis, Pata Mt. Moore, Jenifer. Seber: excamwcasierant iva 
‘hora aauaeranna some Mayon Made 
ows ston comesronoent Jean Mark eure mews eonoes Robert 
Coonte, Eliot Marshall ety Mar, Leste Robert; comamuras 
‘avons Elzabeth Caleta, Poly Dinan: mows wanes Yoshiit 
Bhattacharee, Adin Cho, Jennifer Cozi, David Grime, Constance 
olden Jocelyn Kates Richard A Ker Eli Knish Andrew Lawler New 
England), Greg Mies, Ezabeth Penis, Robert E Serve Pacific NW, 
Erk Stohstad; means Benjamin Lester, Marissa Cevalo, Veronica 
Raymond: comrmevrns oumsrowoenr BT A. Cpa, Jon Coben (San 
Diego, CA), Daniel Ferber, Ann Gbons, Raber Irion, Mitch Leste. 
‘Charles C. Mann, Evelyn Strauss, Gary Taubes; cor ones Rachel 
Curran, Linda 8. Felaco, Melvia Gating: sommstme Srvoet 
Scherraine Mack, Fannie Groom; sumaus Now England: 207-549- 
7755, San Diego, CA: 700-942-3252, FAK 760-942-4979, Pacific 
Norwest: 503-963-1940 
Prooecmow etc anes Landry; semen nanacre Wendy K. Shank: 
assist manacen Rebecca Dosh Stee Srcasts ay Covet Chis 
Redwood: srtcuust Steve Forester: Panu omucron David M. 
Toms mannan Marc Speer: seas ese Mud tbs 
‘Aur suscroe Kelly Bucket Krawe; assocure sat eames Axon 
‘Morales: uasmuors Cis Bike, Katharine Sati soon anrasioguns 
Holly Bishop, aura Creveing, Preston Huey, Nay Kevityagal: 
sssocan Jessica Newel puro ene Leste Bard 

‘Scoence nseanarionas 
Eamon (clence@scenernt cou) tonomaL wmumanons manacne 
sonoe Andon Sugden; ston tonouruasicnns jl Falveniary- 
Uppentrink: sovon tononsCaroine Ash Stella M. Muley, lan S. 
Osborne, Stephen J. Simpson, Peter Stern; assocaat wren Jounne 
Baker; weronas srroet Deborah Dennison. Rachel Rabers, Alice 
‘Whaley Aasmaan surpoe Janet Clements, Jl White mem: tarore 
‘sors wore ohn Tavs; seer wes xenon Dani Clery, comrmne 
‘counsronoenrs Michael Baltes (Pars), Joba Bohannon (Vienna, 
Marta Ensernk Amsterdam and Pars), Gretchen Voge Bertin) 


‘Asa pan Ofc: Asc Corporation, Eko Whioka, Fusako Tamura, 1 
3, Wrano-cho, Qh, Osaka, Osaka, $41-0046 Japan; +81 
(0) 662026272, FAX +81 (0) 6 6202 6271: axcag@osgultorjp: ama 
‘noes won Richard Stone +66 2 662 5818 Gstone@aaas of: com 
‘wavrive connsronounrs Dennis Normile Japan: +81 (0) 3 3391 
(0630, FAXB1 (0) 3 39363531; dnormde@goL cml Hoo Kin China 
‘+86 (0) 10 6307 4439 or 6307 3676, FAX +86 (0) 10.6307 435%; 
dyaog@gmall cm Pallva Bag (South Asia: 491 (0) 11 2271, 
2696: poagla@anl.com) 

‘Rema Robt Konig (cntrbtingcomespordnt, eb. toeig Byraticom) 


execu ponsie Alam L.Leshner 
susie Beth Rosner 


Feraamor Sets ano Ornanons (ert 
Waylon Butler, cusoman sence surennsox Pat 
Lure Baker, Latoya Castel, Lavanda Crawford, Vik Linton oa 
‘ene surerason Cjtha Johnson; srecausts Torcka Digs, Taka 
‘Hil Erin Layne, Shela Thomas: syste aes Tim Popools 


3835.01) omscroe 


Busoness Orsarions axo Aomusaation saci Deborah Rivera 
‘Wienbold; assetamt omectos, asiness oneeanons Randy Vi; 40m 
snmancia anarss Michael Lofie, Jessica Terbey; HMANCALARALSTS 
‘Wale Nichlion, Farida Year: cars ama resis: ADuumsax- 
‘os iiie David associat Elzabeth Sandler; muaerrweorateron Jo 
Meyers; mare manacras Day Wale, Alison Pritchard; ager 
‘mc assocantsJuanne Wilga, Mary Ellen Crowe, Alson Chandler, 
Marcia Leach, Wendy Wise; mrenwnonat nansnnc wanccan Wendy 
‘Sturley; aamernne eevee Jennifer Reeves; manxeracaucann ee 
wae execu Linda Rusk; wna sass Jason Hannaford; se uceRse 


Edi, Kik Forsythe, Catherine Holand, 
Philip Smith; eucmome meow wauacen Lizabeth Harman; reoncr 
uanace sta Sryder assur manacen Usa Stanford: smon rreouc- 
‘now seca Waller Jones; reoouenon srcaausts Nchle Johnston, 
Kimberly Oster 
poverrane axxo nonizmot AD ais Bll Moran 
Proowcr (science_advertsing@aaas.o);consuaun a sronsonsn 
‘rs maaan Tina Mora: 202-326-6542; mowest Rick Bongiovan 
330-405-7080, FAX 330°405:70B1; was consi cana Teola 
650-964-2266; easicoase.canson Cistopher Breslin: 443- 
512-0330, FAX 443-512-0331; uexvnoruasia Michelle Field: +44 
(0) 123-326-524, FAX ¢44°(0) 1223-325-532; sara Nasty 
Yoshikawa: +81 (0) 33235 $961, AX +81 (0) 33235 $852; su 
‘mare assocure Deana Simms 
Comuancae Bone Sean Sanders: 202-326 6430 
‘Cuassimes (advertise@sciencecarers.of); uss nvauraunr sais 
tuanact lan King: 202-326-6528, FAX 202-289-6742; moe sas 
‘uanacmsoastcanann ary Anderson; 202-326°6543; noernast 
‘Aerts Fleming: 202-326 6578; worrmast llson Mila: 202-326- 
16572; sowrmtast Tina Burks: 202-326°6577;, west Nicholas 
‘intibdee: 202-326-6533; sais cooxowarons Era Foard, Rohat 
‘Edmonson, Leonard Marshall, Shirley Young; wrugaanoaau sates 
nanacen Tracy Holmes: +44 (0) 1223 326525, FAX +44 (0) 1223 
326532; saus Marium dda, Alex Palme, Alessandra Sorgente; 
‘aus assraa Louise Moore: ran Jason Hannaford: +81 (0) 52 757 
5360, FAX +81 (0) $2 757 5361; aownnsin raooucox ortarons 
smanaces Deborah Tompkins; stmox raoouction suciausts Robert 
‘Buch, Amy Hardcastle; swe raarncassocue Christine Hal; pum 
‘anonsastisant Mary Lagnaout 
[AAAS Bouso oF Omicroxs srvaine axsoune cu Jv. Holden 
‘raswowt Oa Baler; reson James} McCarthy; mason 
David, Shaw enue eucut omcu Alan I Lesher: somes John E 
Dowling, yn W.Enguist, Sian M Ftapatic, Alice Gast Linda 
‘ateti, Qhemy A. Murtay, Thomas 0. Pollard, Kathryn. Sullivan 


M\AAAS 


ADVANCING SCIENCE, SERVING SOCIETY 


mS as easiest ea toy eatg 
0. Cohen, Princeton Uri. ‘Steven Jacobsen, Uv of Cal form, Los Angeles fica! Unin f Vienna 
ie a te ete: ae 
Ra ae Suman... 
Siac i iret 
entero ee a catentehely 
FE Tat com tng oi 
DemeisDlcher, he, Unie of Bere 
astern amt ne 
tis 
eae er 
Erect To 
eerie ores, SEV tgs 
Erekicn se ran an rea 
Fist fathom ict, Netestern Un. 
Besrasie ad 
Hine ree mene ‘ssman, Univ of Coliforms Son Froncsco 
Pola ie 
ieeacs Enema ze, 
ia a eu 
pees ed 
sai ees ft 
eee (ae 
eed 
Sioas' 
aie va 
Ferien 
meee Fi 


1298 7 SEPTEMBER 2007 VOL 317 


x 
E 
i 


New Thermo Scientific Pierce SILAC (stable isotope labeling using 
amino acids in cell culture) Kits identify and quantify relative differ- 

ential changes in protein samples. These kits and Thermo Scientific 
MS Instruments provide a complete and validated workflow, making 
protein quantitation easier, faster and more reproducible. 


Quantitative analysis of protein changes and proteins for 
which there are no antibodies available 
Proteomic profiling in normal and diseased cells 


Quantitative identification of 100s to 1,000s of proteins 


in one experiment Ideal for quantitative 
analysis of differential protein expression 
Learn more. Visit www.thermo.com/silac or call 800-874-3723 in mammalian cells. 


to request your free copy of our SILAC technical brochure. 


Part of Thermo Fisher Scientific SCIENTIFIC 


Welch 


FOUNDAT 


*0Oc 
e @ 


t 22nd & 23rd, 2007 


Houston, Texas 


ON 


"Physical Biology 
- From Atoms to Cells" 


Conference Chair: Ahmed H. Zewail 


The 2007 Welch Conference is structured t0~provide a broad perspective on 
current state-of-the-art methods ahd \concepts!central to chemical and biological 
behavior. The two-day conference has four sessions broadly covering the following 
topics: Visualization, Theory. and Computation for Complexity, Macromolecular 
Function, and From Cells to\Consciousness. The conference brings together 18 of 
the world's most outstanding sclentists|inthe areas covered. These areas include 
microscopy, crystallography, microfluidics, single-molecule spectroscopy, protein 
folding and misfolding, abiological assemblies, molecular and systems biology, and 
consciousness and quantum mechanics of the brain. 


Speakers 


Sir John M. Thomas 

University of Cambridge 
"Revolutionary Developments from 
‘Atomic to Extended Structural Imaging” 
Sir John E. Walker 

University of Cambridge 

"Rotary Motors at Atomic-Scale 
Resolution 

Stephen Quake 

Stanford University 

"Microfluidic Large Scale Integration™ 
Carlos J, Bustamante 

University of Califomia, Berkeley 
"Biological Single Molecule Spectroscopy" 
Peter G. Wolynes 

University of Califomia, San Diego 
"Protein Folding and Beyond” 

Michele Parrinello 

‘Swiss Federal Institute of Technology 
"Simulating Complexity: Challenges and 
Progress in Atomistic Simulations" 


William H. Miller 
University of California, Berkeley 


Rob Phillips 
Califomia Institute of Technology 


“The Physics of Genome Management* 
Roderick Mackinnon 

The Rockfeller University 

“The Mysterious Cell Membrane” 
Christopher M. Dobson 

University of Cambridge 

“Protein Misfolding and Disease" 

David A. Tirrell 

Caffomia Institute of Technology 
“Altemative Translations of RNA 

Messages” 

George M. Whitesides 

Harvard University 

“Whi is itso Difficult to Design 

Ligands that Bind to Proteins 

Noel S. Hush 

University of Sydney 

*Symmetry Breaking, Delocalization and 
Dynamics in Electron Transfer Systems" 


Fora conference program and online registration goto: 


www.welch1.org/chemicalconference/ 


“Using the Initial Value Representation of 
‘Semiclassical Theory to Add Quantum 
Effects to Classical Molecular Dynamics 
‘Simulations 

David Baltimore 

California institute of Technology 
“Inflammation: NF-KB and MicroRNAs Play 
Their Roles” 


Leroy Hood 
Institute for Systems Biology 

Systems Biology Will Transform Medicine* 
Christof Koch 

California institute of Technology 

“The Neurobiology of Consciousness" 
Discussion Leaders 

Roger D. Komberg 

‘Stanford University 

J. Andrew McCammon 
University of California, San Diego 
Douglas C. Rees 

California Institute of Technology 
Alexander Varshavsky 

California Institute of Technology 
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Lights, Camera, Clarify 


Adifficult paper might be easier to grasp if you 
could get an explanation directly from the 
authors, That's the premise behind SciVee, a new 
video-sharing site from the Public 
Library of Science, the National 
Science Foundation, and the San 
Diego Supercomputer Center. 

Part YouTube, part seminar 

series, SciVee allows researchers to 

post short videos, or pubcasts, in which they 
explicate their latest papers. The offerings 
explore a technique for identifying bendable 
sections of proteins and follow an evolutionary 
analysis of the protein kinase-tike superfamily, 
which is involved in everything from cell divi 
sion to fat breakdown. For newbies, the site 
offers advice on video production and posting 
So far, SciVee's focus is open-access papers in 
biology, but it will expand to include other 
subjects and types of publications. >> 
wowwscivee,tv 


Last Word on Moths 


A Cambridge University professor has com: 
pleted a 6-year experiment with peppered 
moths that he says should conclusively rebut 
creationist claims. 

The story of Britain’s peppered moth has 
long been a textbook illustration for evolution by 
natural selection. The pale moths evolved a black 
color for camouflage against predators as indus 
trial pollution darkened the trees they rested on, 
With pollution cleanup, most of the moths went 
back to being pale. But creationists have used 
the tale to attack evolution because field experi- 
ments done in the 1950s by Oxford zoologist 


wwwsciencer 


VI 
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Born to Shop? 


Women have an evolved knack for remembering where to find edible plant matter, a 
new study argues. 

Rafts of studies have shown that men trump women at many spatial skills, a 
spillover from our past, say evolutionary psychologists, when men were the hunters and 
women the gatherers. Studies have also shown that women beat out men in recalling 
objects’ locations. But no one had tested this skill with foods. 

‘So a team led by Steven Gaulin of the University of California (UC), Santa Barbara, 
tested modern city divellers on the closest thing to foraging: browsing in a farmers’ mar 
ket. After looking around the stalls, the 86 subjects were asked to remember where 
they‘d seen particular foods. The test involved dead reckoning, a male-dominated skill, 
rather than navigating by landmarks, a female forte. Yet women were 27% more accu 
rate than men in recalling food locations, the scientists reported online 21 Augustin the 
Proceedings of the Royal Society B. 

“The results fit well with the foraging adaptation theory that explains why women should 
perform better than men in such a spatial cognition task,” says evolutionary psychologist 
‘Andreas Wilke of UC Los Angeles. But he notes that both sexes “were significantly more 
accurate in locating high-calorie food items,” such as avocados and olive oil. 


Bernard Kettlewelt—used to illustrate 
the textbooks—were flawed, in part 
because he released the night-flying 
moths during the daytime 

So in 2000, geneticist Michael 
Majerus started his own experiment 
(Science, 25 June 2004, p. 1894). 
He released black or white moths 
into cylindrical cages on branches at 
dusk. Before dawn, he removed the 
«cages and counted how many moths 
subsequently disappeared from their 
resting places. He showed that selection 
now favors pale moths, with 21% eaten by 
birds, compared with 29% of the black ones, 
he reported last week at a meeting of the 


European Society for 
Evolutionary Biology in 
Uppsala, Sweden. 

Will that take any 
wind out of creation- 
ists' sails? “It's proba 
bly not going to quiet 
them down,” says 
peppered moth expert 
Bruce Grant of the 
College of William and 
Mary in Williamsburg, 

Virginia, who points out 
that the evidence for natural selection in the 
moths was firmly in place long before Kettlewell 
came along with his vivid photographs. 


DEBUGGING JAPAN'S CABLES 


Surprising—and unwelcome—customers have been taking advantage of Japan's high-speed 
optical fiber communications services. Cicadas have been laying eggs in the cables, which con- 
nnect homes to main lines, cutting the optical fibers in the process. 

Astonished engineers at Nippon Telegraph and Telephone Corp. (NTT) have blamed the loss of 
service—more than 1000 cases last year—on an infestation of Cryptotympana facials, known as 
“kumazemi” or “bear cicada,” Hideharu Numata, an entomologist at Osaka City University who is 
advising the phone company, says 7-centimeter-long kumazemi are proliferating in urban areas. 
The fiber-optic cables are “alittle thinner than the 
preferred dead twigs but still kay” from the bugs' 
perspective, he says, adding that the hair-thin 
optical fibers sheathed in soft polyethylene sleeves, 
are no match for the bug's tough millimeter-wide, 
centimeter-long ovipositor. 

NIT has improved shielding on its new cables 
and is trying a polyurethane coating thought to 
be more like the bark of a live twig, which the 
cicadas avoid. “It’s not clear yet whether this 
problem can be so easily fixed,” Numata says. 
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DO YOU WANT TO PUBLISH IN, 
THE MOST CITED JOURNAL I! 


THE WORLD? 


JPL- 
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SUBMIT TO THESE 
NEW CATAGORIES: 


* RNA PROCESSING 
& CATALYSIS 


* RNA MEDIATED 
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NON-CODING 
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NETWORKS 


fhe Journal of Biological Chemistry www.jbc.org 
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Celebrities 


OUT OF AFRICA. The bi 
Texas, these days is a 3.2-million-year-old hominid 
from Ethiopia. The famous fossil, named Lucy, is at 
the center of a controversial exhibition at the 
Houston Museum of Natural Science. Advance 
tickets were selling briskly at up to $20 for the 
show, which opened last Friday. 
Lucy has never been displayed outside 
Ethiopia since her discovery in 1974. But now 
she’s on a 6-year tour of the United States that 
Ethiopian tourism officials hope will generate 
millions for the country, Many paleoanthro- 
pologists are protesting the tour, arguing that it 
could damage the fragile, one-of-a-kind fossil 
(Science, 27 October 2006, p. 574). 

Houston is her only announced destination, 
although officials at the Field Museum of Natural 
History in Chicago, Illinois, have “tenta 

scheduled” the Lucy exhibit from November 2009 
to April 2010, Other museums, such as the Smithsonian National 
Museum of Natural History in Washington, D.C., and the Cleveland 
Museum of Natural History in Ohio, have refused to exhibit her, Houston 
museum officials say she’s in good hands, pointing to their safe steward- 
ship of precious artifacts such as the Dead Sea Scrolls. 


vely 


IN BRIEF 

Nancy Andrews has been appointed dean 
of the Duke University School of Medicine 

in Durham, North Carolina. A pediatric 
hematotogist/oncologist, Andrews has served 
as dean of basic sciences and graduate 
studies at Harvard Medical School since 
2003. She will be the first woman to lead 
the Duke school. 


Richard Hodges is the new director of the 
University of Pennsylvania Museum of 
Archaeology and Anthropology. An 
early medieval archaeologist who 
specializes in Western Europe, 23, 
Hodges comes to Penn from 
the University of East Anglia in the 19; 
ULK,, where he has been directing 

é 


the Institute of World Archaeology. as 
u 

DATA POINT 

DRIVING THE ECONOMY. Foreign 


scientists and engineers working in 
the United States constitute a grow- 
ing share of the country’s innovation 
capital. Last year, that pool of talent con- 
tributed to 26% of U.S. patent applications 
filed with the World Intellectual Property 
Organization (WIPO). That's over three 


Got a tip for this page? E-mail people@aaas.org 
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times more than their percentage in 1998, 
an explosion likely triggered by increased 
delays in the awarding of green cards 

and citizenship to immigrant scientists, 
according to researchers who did the study 
(www. globalizationresearch.com).. 

Vivek Wadhwa, a researcher at Duke 
University in Durham, North Carolina, and his 
colleagues counted up the share of patent 
applications filed at WIPO's U.S. office that 
listed a U.S.--based foreign national as one of 
the inventors. In another part of the study, 


2000 2002 


Year 


ot pte apeeatns mh reg en, 


the researchers estimate that more than 

1 million foreign-born workers are waiting for 
employment-based green cards. “There are 

a lot of very bright people that we brought 
tothe U.S. in order to create intellectual 
property,” says Wadhwa, “Let's keep them.” 
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Dutch-born primatologist Mare yan 
Roosmalen—a 2000 Time magazine 
“Hero for the Planet”—has discovered 
ve new monkey species during a career 
exploring the Amazon rain forest, But in 
June, a Brazilian court found him tyof 
violating several laws, including keeping 
endangered monkeys in a halfway house 
and putting the names of newly discovered 
species up for sale. Van Roosmalen, 60, 
was released on 7 August while anew legal 
team appeals the decision, which carries 
14-year prison sentence. 


Q: Tell me about your time in jail. 

It was a crazy and eye-opening experi- 
ence. I was locked up with dang 
criminals who were literally killing 
other, I couldnt communicate with the 
outside world: I couldn't sleep. A sur~ 
vival instinet kicked in, 


: What has happened since your 
release? 

Irs like a John Grisham novel, Within 
30 hours, two men pretending to be feder. 
police came to my house [in Manaus}. I'm 
sure they were hit men, Fortunately, [wasn’t 
home, and I've been on the run since then. 1 
have seen too many examples of corruption 
during my years in the Amazon. I have 
\written everything down and sent it to peo- 
ple in the Netherlands so that the world will 
know even if something happens to me. 


Q: How has the sci 
reacted? 

Brazilian scientists have supported me. 
They realize that the government is 
criminalizing biological research and 
that this could happen to them. But | 
think everything will be okay in the end, 
I'm 100% innocent. 
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Puzzling Decline of U.S. 


Bees 


Linked to Virus From Australia 


Researchers have found an imported virus 
that may be associated with the sudden di 
appearance of honey bees in the L 
States, known as colony collapse disorder 
(CCD), This baffling syndrome, which ear- 
lier this year udlines around the 
world, may have afflicted as many as 
23% of beekeepers in the United States and 
caused losses of up to 90% of hives in some 
apiaries. The identifica 
a suspect is an important step, 
says N 
Cornell University 
wwe didn’t even have ¢ 
stantial evidence. 

The suspect is a pathoge 
called Israel acute paralysis 
virus (IAPV). A team of re- 
hers reports online in 
Science this week (www 
sciencemag. org/egi/content 
abstract/1146498)that they 
found the virus in most of the 
affected colonies they 
tested, but in almost no 
healthy ones. If the 
virus proves to be the 
cause of CCD, it could 
have international eco- 
nomic implications, for 
the researchers point to 
Australia as a possible 
source, Since 2005, US. bee 
keepers, especially those 
struggling to keep up with the 
insatiable demand for almond pollination 
in California, have imported several mil- 
lion dollars’ worth of bees from Australia. 
The researchers report that they have found 
TAPV in imported Australian bees. 

The investigation is still in an early 
e, and there are skeptics. Another 
group has not found any link between 
TAPV and CCD, “This paper only adds 
further to the confusion surroundin 
CCD," argues Denis Anderson, an ento- 
mologist with the Australian Common- 
wealth Scientific and Industrial Research 
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anisation (CSIRO) in Ca 
has not participated in either 

The abrupt loss of bee colonies in the 
United States, first reported last fall, has 
been a big mystery, Althou 
tists aren't convinced that the phenome- 
non—based largely on anecdotal reports 
from beekeepers. ay different 
from past declines in bee populations 


berra, who 
roup, 


h some scien- 


is really 


ardous impark2The sudden loss of 

Honey beesparticilartly among trucked. i 

"hives, has been tinked'to.a virus thatsmay 
rave araived with bees from Australia. 


(Science, 18 May, p. 970). 
bee researchers from around 
the country met in Florida in 
January and formed a working 
group to track down the culprit. The 
co-chairs, entomologists Diana Cox-Foster 
of Pennsylvania State University in 
State College and Jeffery Pettis of the 
U.S. Department of Agriculture’s Bee 
Research Laboratory in Beltsville, Mary- 
land, acquired samples from collapsed 
colonies and asked molecular biologist 
W. Lan Lipkin of Columbia University’s 
Mailman School of Public Health to help 
in the search for pathogens. 
Lipkin initially pooled samples from 
four beekeeping operations that had been 
struck with CCD and, for comparison, he 
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lumped together samples from two opera- 
tions that had remained healthy. When the 
group ran the samples through a gene 
sequencer, they found an array of micro- 
anisms, All the bees had a rogue’s gallery 
of pathogens, but the samples from the CCD 
operations tended to be more disease- 
ridden, with two viruses and two micro- 
sporidian parasites especially prevalent 

Next, the team went back and analyzed 
samples from individual hives. IAPV 
turned up in 25 of the 30 sick colonies but 
in just one of the 21 healthy colonies. “I's 
a good marker,” says Mady Ho 
Columbia University. Others note, how- 
ever, that bees in hives suffering from 
CCD tend to accumulate all 
sorts of secondary diseases, 
so IAPV infection could bea 
consequence rather than a 
cause of the disorder. “It's a 
chicken-and-egg problem,” 
says bee virologist Joachim 
de Miranda of the Sveriges 
Lantbruksuniversitet in 
Uppsala, Sweden. 

Jerry Bromenshenk of 
Bee Alert Technology in 
Missoula, Montana, doubts 
the link to CCD, His collabo- 
rators at the U.S, Army's 
Edgewood Chemical Biolog- 
al Center in Maryland have 
spotted more than a dozen 
known and new viruses 
including APY, in bees from 
Florida, California, and Aus- 
tralia, but none is associated with CCD. 
“We've got lots of pathogens but no clear 
pattern yet.” Bromenshenk says. 

Evidence in the paper points to Aus- 
tralia as the source of IAPV. All of the 
operations infected with IAPV had either 
imported bees from Australia or stored 
their hives close to other operations with 
Australian bees, None of the CCD-free 
beekeepers, located in Hawaii and Penn- 
sylvania, had Australian bees. Moreover, 
the team ordered bees from Australia and 
discovered IAPV m= 
ples of bees collected in Pennsylvania and 
Louisiana in 2004—before the importa- 
tion of bees began—turned out ne; 


al 


in most of them. 


tive. 


But some researchers point out that 


this limited testing doesn’t rule out the 
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possibility that [APV may have already 
been in the country before U.S, beekeepers 
began importing Australian bees. And 
Anderson notes that IAPV does not seem 
to be causing harm in Australia 

Han plant virologist at the Hebrew 
University of Jerusalem who first isolated 
IAPV in 2002 from dead bees taken from 
Israeli colonies, says IAPV is far from 
harmless. In experiments reported in the 
$ June issue of Virology, Sela and colle 
show that, when injected, [APV causes paral- 
ysis and death in 98% of bees within days. If 
fed to the bees, they survive just a few days 
longer. “IAPV kills. 

So why is there no CCD in Australia, 


wues 


he says. 


BIOMEDICINE 


even though IAPV is presumably there? 
One reason could be that, unlike the 
United States, Australia remains free of 
the varroa mite, which spreads pathog 
and weakens the immune system of bees. 
But that can't be the whole story, Pettis 
notes, because CCD also appears to be 
absent in Canada and Israel, where varroa 
mites are a problem and beekeepers have 
mported Australian bees for years. 
s other stresses in the Unit 
States such as poor nutrition and long- 
distance trucking may make IAPV lethal, 
Within the next few weeks, the team will 
beg mplicated set of experiments 
intended to test whether IAPV can cause 


ns 


ettis sa 


CCD either by itself or in combination 


with three other pathogens and stresses. In 


the meantime, Cox-Foster says, beekeep- 


ers should keep their bees as healthy as 
possible and not reuse hives from col- 
lapsed colon: 
If APV does turn out to be a cause of 
CCD, there is encouraging news from 
Israel, Sela has found that some bees can 
resist the virus. About a third of bees sam- 
pled in Israel have incorporated the virus 
into their genome, In his experiment, 
almost 2 es survived when 
injected with IAPV. Sela says that raises the 
possibility of breeding IAPV-resistant bees. 
ERIK STOKSTAD 
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HIV Drug Shows Promise as Potential Cancer Treatment 


What comes around goes around: The first 
AIDS drug to come to market was initially 
developed to treat 
approved for AIDS is being tested in 
humans as an antica 

A team led by medical oncologist 
Phillip Dennis at the US, National Cancer 
Institute (NCI) in Bethesda, Maryland, 
found evidence that drugs currently used to 
inhibit HIV's protease enzyme might also 
Work against cancer, In the | September 
2007 issue of Clinical Cancer Research, 
Dennis and colleagues describe test tube 
ts indicating that 
three of these drugs show activity against 
six different types of cancer. One 
navir, proved better than the others, leadi 
Dennis to launch a clinical trial. “The 
amazing thing is we moved from preclinical 
to clinical studies in one-and-a-half years,” 
says Dennis. Typically, pharmaceutical 
companies spend 5 to 10 years testing a 
promising compound before moving into 
human trials, notes Dennis, but “reposition- 
ing” an already-approved drug takes advan- 
tage of the already abundant data on toxi 
and dosage. 
It was two toxic effects of protease 
inhibitors in HIV-infected people that led 
Dennis to the idea that they might work 
against many cancers. Dennis’s lab spe- 
cializes in studying a cell-signaling path- 
way, Akt, that’s activated in many 
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It's well established that inhibiting the Akt 
pathway can lead to a buildup of lipids and 
glucose. “We hypothesized that if we 
could identify drugs that elicited those 
toxicities, we would find a good Akt 
inhibitor,” says Dennis. This led them to 
HIV protease inhibitors, wh 
patients to develop characteristic lipid 
deposits and hyper 
As Dennis and 
in Clinical Cancer 
Research, it turns out 
that Akt inhibition 
only explains part 
of nelfinavir's anti- 
cancer effects. “We 
don’tthink Akt inhibi- 
al 


h can 


ause 


ja. 
workers describe 


tion is the cru 
mechanism,’ 
Dennis. Instead, they 
found that nelfinavir 
induces stress of the 
endoplasmic reticu- 
lum, which in turn 
leads cells to self 
destruct thro 
mechanisms known 
as autophagy and 
apoptosis. “Themect 
anism part of this 
paper is quite strik- 
ing.” says oncole 
Samuel Broder, 


says 


chief 
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Problem/solution? AIDS drugs that caused 
this man’s unusual fat accumulation may 
have revealed a new cancer agent. 


medical officer at Celera Genomies in Rock- 
ville, Maryland,"“This is very, very interest 
Broder, former director of NCI, in the 
1980s helped discover the first anti-HIV 
to come to market, AZT, which at the 
time was an abandoned anticancer agent, 
Dennis hopes to enroll 43 patients, all 
of whom have solid tumors that do not 
respond to treatment. Dennis initially 
wants to determine whether cancer patients 
can tolerate nelfinavir at 
h 
treat HIV, “The maximum 
tolerated dose and toxicit 
of nelfinavir have never been 
established in humans,” he 
says. Although this could 
trigger the hyperlipidemia 
and hyperglycemia often 
seen in HIV-infected 
patients taking protease 
inhibitors, Dennis notes that 
these are controllable condi- 
tions, and, relative 


wher doses than used to 


speak- 


ing, not a major concern of 


people who have an other~ 
wise untreatable cancer, “If 
we're not causing profound 
bone-marrow suppression 
and life-threatening infee- 
tions, we're pretty happy.” 
he says. 
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JAPAN 


New Centers to Have Stronger Foreign Flavor 


TOKYO—New programs to lure foreign scien- 
tists and more funding for young researchers 
highlight next year's budget proposal from 
Japan's Ministry of Education, The 2008 
request from the ministry, which funds the bulk 
of Japanese academic science, fleshes out the 
“Innovation 25" strategy announced last year 
by Prime Minister Shinzo Abe to grow 
the economy through 
increased spending on 
science and technol- 
ogy (Science, 13 April, 
p. 186) 

Despite recent 
efforts, Japan's scien- 
tific institutions have 
attracted only limited 
interest from abr 
and few non-Japane: 
researchers. But this, 
month, the ministry 
expects to announce 
the winners of a new 
initiative that it hopes 
will address both pro- 
blems, The five World 
Premier International 
Research Centers 
will each receive 
between $40 million 
and $170 million over 
the next decade in return for conducting their 


Chilean Andes. 


nd up to 20% of their 
tigators, from overseas. The 
king $80 million next year to 
launch the centers, which Hiroshi Tkukawa, 
director of strategic programs for the ministry, 
hopes will build reputations within their field 
to rival the likes of the U.K.’s Laboratory 
of Molecular Biology in Cambridge 
and MIT's Media Lab. 
The government's Innovation 25 plan also 
‘aims to increase research opportunities for 
yous sien, Accordingly, the ministry's 
budget request includes a 40% increase, to 
8 $351 million, for peer-reviewed grants to 
those in the first decade of their career. It also 
j contains a.45% jump in funding, to $106 mil- 
lion, for a clutch of programs to promote 
3 international cooperation by sending young 
ists abroad, bringing foreign 
B sclent ts of all levels to Japan as visiting 
2 scholars, and strengthening ties with Asia and. 
3 “The ministry's overall portfolio of 
tively reviewed grants would grow by 
lion. 
8 Big-ticket international projects would 
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also benefit if the ministry’s request is 
approved. Japan’s contribution to the Inter- 
national Thermonuclear Experimental Reac- 
tor, under construction in Cadarache, France, 
would double, to $106 million. Spending on 
ocean drilling would increase 60%, to 
$159 million. And Japan's contribution to the 
Atacama Large Millimeter/Submillimeter 


= 


The road to discovery. Japanese antennas head for the ALMA site in the 


Array (ALMA), a joint Japanese, European, 
a . radio astronomy facility in 
n Andes, would jump 27' 
$37 million, Shoken Miyama, director gen- 
eral of the National Astronomical Observa 
tory of Japan, says the additional funding 
help Japan complete work on its 16 antennas 
in time for the scheduled start of ALMA 
observations in 2012. 


will be reviewed by the 


Miyama, “We don’t know if the 
ministry will approve these requests or no 

Ifrecent history is any guide. overall 
prospects are not good. Last year, the ministry 
initially sought a 20% increase for science and 
ended up witha tiny 0.4% boost, although sev- 
eral individual initiatives were spared. Thi 
year's requested increase for science, says 
Kazuo Todani, the education ministry's budget 
chief, would add more than 20% to this year’s 
$20.1 billion in spending. The budget will be 
finalized by the end of the year and take effect 
on | April 2008. DENNIS NORMILE 
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An Open Secret in the U.K. 


Population biologist John Beddington of Impe- 
rial College London looks likely to become the 
U.K. government's next chief scientific adviser 
when chemist David King steps down at year’s 
end, several newspapers reported this week. 
‘An official at the Department for Innovation, 
Universities and Skills told Science that 
Beddington is the favored candidate in a 
recruitment process that remains open. An 
expert on the management of fisheries, 
Beddington currently chairs the science advi 
sory council of the Department for Environ: 
ment, Food and Rural Affairs, “He has many 
and varied skills and would make an excellent 
appointment,” says ecologist Robert May of 
‘Oxford University. However, some researchers 
worry thata recent government restructuring 
by Prime Minister Gordon Brown may have 
diminished the science advisers influence. 
‘DANIEL CLERY 


Just Say No 


Scientists and engineers at NASA's Jet Propul 
sion Laboratory (JPL in Pasadena, California, 
filed suit 30 August ina U.S. district court in 
southern California in hopes of blocking new 
rules that require them to submit to back 
ground checks in order to keep their jobs. The 
28 plaintiffs say the checks, required by the end 
of September, are unconstitutional and would 
allow investigators to pry into their emotional 
state, finances, and sexual activities. “This is 
something straight out of the 1950's McCarthy 
era,” says Dennis Byrnes, JPL chief engineer for 
flight dynamics. NASA officals say the checks, 
standard procedure for all government employ- 
0s for decades, are simply being extended to 
contractors in a post-9/11 world (Science, 
6 July, p. 31). JPLis operated by the private 
California Institute of Technology in Pasadena, 
and employees are part of the university. 
‘ANDREW LAWLER 


Sonar Ban Blocked 


The U.S. Navy can continue using sonar in exer- 
cises off the southern California coast even 
though the noise may harm whales, a federal 
appeals court ruled last week. In response to an 
emergency motion, a panel of the 9th U.S. Cir- 
uit Court of Appeals in San Francisco voted 
2-1 to stay a 6 August injunction by a district 
court that would have barred the sonar. “The 
public does indeed have a very considerable 
interest in preserving [whales],” the majority 
argued. “But it also has an interest in national 
defense.” The court will hear the Navy's appeal 
ofthe injunction in November. 

JENJAMIN LESTER 
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Nonhuman Primates Demonstrate Humanlike Reasoning 


Monkeys may see, hear, and speak no ev 
but they do seem to understand a person’s 
intentions, We constantly judge the actions 
of those around us, Jing what others 
are trying to do, and why, to decide the best 
course of action for ourselves. 
periments reported on 
page 1402 now suggest that 
this supposedly unique 
human attribute is shared by 
chimps and at least two mon- 
wecies. The finding sug- 
that this skill and the 
enabling neuronal circuitry 
date back at least 40 million 
years, predating the evolution 
Of the unique social system 
or language of humans. It 
promises to fuel the debate 
about the cognitive divide 
between humans and our 
primate cousins, 

“It’s stunning evidence for 
[nonhuman primates’) under- 


says Meliss 
primatologist at the Univer- 
sity of Puerto Rico in San 
Juan who runs a macaque 
research center on a nearby 
island, Cayo Santiago. How- 
ever, she and others are not 
completely convinced, citing apparent flaws 
in the study design and analysis or concerns 
about anthropomorphic interpretations of 
the findings. 

In 2002, Gydirgy Gergely of the Hungar- 
ian Academy of Sciences’ Institute for 
Psychology in Budapest shocked his fellow 
psycholog rting that 14-month- 
old infants could figure out what another 
person was trying to do and whether their 
behavior made sense, He assessed this abil- 
ity by looking at mimicry behavior. In this 
experiment, an infant watched someone 
turn ona light with the touch of her head, 
not her hands. When the tester's hands were 
full, the infants did not mimic the head 
movement and instead used their hands to 
tum the light on. They seemed to realize that 
the tester had to use her head because she 
couldn't use her hands, although hands 
would work better forthe task. But when the 
tester used her head when her hands were 
empty, the infants followed suit, apparently 
concluding that there must be a good reason 
to use the head in this situation. The infants 
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not only recognized the tester’s goal but 
also thought through the best way to 


achieve that goal themselves. “The infants 
are extremely sensitive to how efficient an 


action is,” 


says Gergely. 


Test touch. Harvard co-author David Glynn grasps a coconut shell, 
intentionally pointing out the shell toa macaque (not seen). 


At the time, “I doubt if anyone would 
have put money on adult chimpanzees being 
able to do this, let alone monkeys.” says 
ichard Byrne, a psychologist at the Uni- 
ity of St. Andrews in Fife, U.K. But 


ve 
Justin Wood, a graduate student at Harvard 


University, was willing to take the bet. 

Wood looked at whether cotton-top 
tamarins could tell a goal-directed action 
from a random one. In one test, he either 
grasped one of two food containers or 
flopped his hand on top of one, as if by acei- 
dent, while a monkey looked on. In another, 
he “pointed” to the container by putting his 
elbow on it, sometimes while that same 
hand was free, and sometimes while holding 
an object with both hands. Wood counted 
how often the monkeys inspected the desig 
nated container. 

This protocol was designed to evaluate 
whether these New World monkeys could 
tell a rational action (use the elbow 
because the hands were busy) from one 
that seemed less intentional. “These are 
very clever ways of getting at questions 


that are very basic to our understanding of 
intentionality Gerald. 

In the first task, monkeys picked the 
food container Wood grasped about 75% of 
the time, but only about half of the time did 
they choose the one he flopped his hand on, 
indicating that the tamarins could distin- 
_guish between directed and random actions, 
says Wood. In the second task, they prima- 
rily paid attention to where his elbow 
pointed when his hands were occupied, indi- 
cating that they were attuned to what 
seemed to be the more rational behavior. 

‘Wood and colleagues did similar experi- 
ments with chimps at Tehimpounga Chim- 
panzee Sanctuary in the Republic of the 
Congo (see p. 1339) and with rhesus 
macaques on Cayo Santiago, substituting 
coconuts for food containers, “We find 
exactly the same pattern” with the three 
species, says Wood. 

The study raises some concerns. Gerald 
and others point out that the tests and num- 
ber of animals used varied from species to 
species, For example, chimps and macaques 
had one to observe and react to a 
person’s gestures, but tamarins were 
allowed a half-dozen tries. The animals 
could have been distracted by the free hand 
in the second experiment, causing them to 
ignore where the elbow was resting, And 
Danie! Povinelli and Derek Penn, who study 
primate cognition at the University of 
Louisiana, Lafayette, worry that the results 
may be overinterpreted, “There is, in fact, 
no evidence that the animals in these exper- 
iments were representing or reasoning about 
the [tester’s] unobservable psychological 
states” says Penn. 

This sort of reasoning is called “theory 
‘of mind," and itis usually considered to be a 
trait that makes humans special. “Under 
standing goals and efficiency is not the 
same as theory of mind, but it’s very close to 
it” Gergely notes. 

Close but not quite there. Some 
researchers contend that language is 
required to develop a sense of cause and 
effect and to evolve a theory of mind, But 
Wood's study indicates that such reason- 
ing predates words, says Byrne: “It 
strongly suggests that this way of under- 
standing causality is a quick-and-dirty § 
method, not based on the kind of under- 
standing of logic and rationality that satis- 
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fies physicists and philosophers.” 
ELIZABETH PENNISI 
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U.S, RESEARCH POLICY 


Med Schools Add Labs Despite Budget Crunch 


The recent flattening of the National Institutes 
of Health budget hasn't slowed a building 
boom among U.S. medical schools that began 
during a 5-year doubling of NIH’s budget in 
the late 1990s. That's one of several findings in 
survey that offers. less gloomy picture ofthe 
health of US, biomedical research than many 
policymakers have been painting, 

For the past few years, research gurus have 
warned that these nwo contradictory trends 
could trigger financial crisis among universi- 
ties counting on steadily rising NIH support to 
help meet debt payments on the new buildings 
and fund the research going on inside them. 
But the reality isnot so clear-cut, According to 
figures released this week by the Association 
of American Medical Colleges (AAMC), the 
rise in expenditures of federal research dollars 
on campus has so fir kept pace with the expan- 
sion of research space, despite the anemic 
growth in the NIH budget since 2003 (see 
table), Still, AAMC officials and NIH Direc- 
tor Elias Zerhouni worry that the trend mi 
not continue. “It's a very anxious situation’ 
says AAMC senior vice president David Korn. 

The survey updates a 2002 poll showing 
that member schools planned to double their 
spending on construction despite the looming 
end to the NIH budget doubling. The med- 
ical schools have followed 
through: The response last year 
from roughly 80 of 125 schools 
shows that institutions, on 
average, expect to have added 
89,000 square feet of research 
space between 2003 and 2008, 
That's an inere: 
Accordingly, the 
of the research faculty at 
institution will have risen 
15% by 2008, to 381, The most 
striking change is a projected 
doubling in annual debt pay- 
ments for research buildings, 
to $6.9 million by 2008, 
MC officials say. 


2004, for example, and by 
‘more than 5% in each of the 
next 2 years, 

Some community leaders 
are troubled by those numbers. 
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“Lind myself quite alarmed at the commit- 
ment schools are making.” AMCS Jack 
Krakower, who led the survey and is co-author 
of a commentary in the 6 September New 
England Journal of Medicine (NEJM) that 
presents the results. Zerhouni attributes the 
continued rise in federal dollars flowing to 
campuses to NIH's decision to quickly recycle 
money from one-time awards for new bio- 
defense labs and other facilities into research 
grants, But that growth is a “temporary trend” 
he says. He and others say that a big crunch 
could come in 2008, when schools expect to 
have 3.7% more NIH dollars to spend. 

The authors of the NEJM article say that 
the so-called crash landing is having other 
unfortunate consequences, Schools are cha 
ing after a relatively small pool of well-funded 
researchers in “a zero-sum game” that wastes 
resources, Krakower also worries that schools 
scrambling to pay debts may rely more heavily 
‘on funding from drug companies, which usu- 
ally comes with strings attached. 

Those issues don't seem to trouble some 
rapidly growing institutions. At the Univer- 
sity of Kansas Medical Center (KUMC) in 
Kansas City, vice chancellor for research 
Paul Terranova says the school has filled 
200,000 square feet of new research space 


How Medical Schools Have Grown Since the Doubling* 
«sm federal research dollars 


At the same time, the svi esearch faclty 
amount of federal grant money Parca 
ent by medical schools has 
also risen faster than NIH’ id eld 
budget. Federal research expen- While the NIM budget has risen by 
ditures increased by 10.8% in a a a a 


percent 


* Percent increase from 2003 to 2008. Data based on responses from roughly 
80 institutions. 2005-2008 are estimates. 


Mismatch. A flat NIH budget hasn't stopped states from building new 
research facilities like these at the University of Arizona. 


When It's Okay to Fail 


BEIJING—Chinese officials are hoping that a 
proposed change in the country's basic law 
governing science and technology will 
encourage researchers to be more honest in 
reporting the results of their experiments, 

Last week, Wan Gang, China's new minis~ 
ter of science and technology, went before a 
working group of the National People’s 
Congress Standing Committee to explain how 
the government plans to amend the 14-year 
old law to promote greater innovation and 
creativity by fostering a “tolerance for failure” 
when results don't pan out. Observers say that 
the pressure to succeed can lead a scientist to 
alter results or create a culture in which peers 
are afraid to be critical. 

But some scientists worry that the pro: 
posed revision might institutionalize medioc 
rity, “If failure happens, somebody ought to 
take responsibility and learn from it,” says 
cone legislator, physicist Chen Nanxian of 
Tsinghua University in Beijing. The amend: 
iment is expected to be finalized at the legis 
lature’s annual meeting in March. 

HAO XIN 


Laser Research Targeted 


The U.S. Department of Defense plans to kill 
off a 20-year-old medical laser research pro: 
gram next month—unless Congress decides, 
to rescue it. The Pentagon's budget request 
for the fiscal year that begins 1 October con: 
tained no money for the medical free electron 
laser program, which supports five university 
based centers and researchers around the 
country. The $16-million-a-year competitive 
grants program is managed by the Air Force 
Office of Scientific Research, which is review: 
ing proposals that may never be funded. 

But the program has friends in Congress. 
Authorizing panels in both the House and 
Senate strongly back continuing the research, 
noting its “proven track record of detivering 
combat casualty care technology and medical 
interventions.” The House has approved 
spending $2 million for 2008, and the Senate 
is expected to address the issue this month 
when it debates the Pentagon budget. The 
Senate panel also asked fora strategic plan to 
address both the research and its applica 
tions. Supporters hope that, at the least, the 
program will imp along at minimal funding 
Until the next Administration, 

‘JEFFREY MERVIS 
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by recruiting both established invest 
and junior faculty; NIH funding has risen by 


35% in the past 2 years, he notes, Terranova 
says that much of the expansion is bein; 
supported from private donations and that 
KUMC won't have to make debt payments 
‘on state bonds until 2012. 

At the University of Kentucky College of 
Medicine in Lexington, which has hired 
35 research faculty in the past 5 years, dean 
Jay Perman says, “We need further expansion.” 
The school has spent $1.5 million to help 
investigators whose grants weren't renewed, 
but Perman says most applicants did better the 


IMPACT CRATERING 


A Big Splat in the Asteroid Belt Doomed 


A chance encounter between two huge 
chunks of rock in the asteroid belt reached out 
across 100 million yearsand 200 million kilo- 
meters to snuff out 90% of Earth’s marine 
sp s Well as the dinosaurs, 65 million 
years ago, according to a new analysis, 
Nudyed at first by the sun's warmth and then 
flung inward by Jupiter's gravity, debris from 
the collision eventually splattered across the 
inner solar system, violently cratering other 
asteroids, the inner planets, and the moon. 
The result is further evidence that “what hap- 
pens in the asteroid belt leaves a 
trace here,” says solar system 
dynamicist Alessandro Morbidelli 
of the Cote d'Azur Observatory 
in Nice, France, “It really makes 
the Earth feel like part of the 
solar system." 

The link between earthly 
extinctions, the asteroid belt, and 
mosteverything in between builds 
on the recent discovery of hun- 
dreds of thous 
This week in Nature, planetary 
scientists William Bottke, David 
Vokroublicky, and David Nesvorny 
of the Southwest Research Insti- 
tute (SwRI) in Boulder, Colorado, 
report how they used the new 
asteroid discoveries to identify 
the a 
debris and then calculate how 
and when some of that debris would have 
fallen to Earth, 

First, the SWRI group picked out the 
debris fragments from an ancient collision 
that are scattered among myriad other aster- 
oids in the sky. They noticed that, starting 
from the orbit of a 40-kilometer asteroid 
called Baptistina, asteroids got smaller the 


nds of asteroids, 


cient collision’s lingering 
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second time around. “W. 
ants than we're losin 
University of Arizona medical school dean 
Keith Joiner says debt service on two new bio- 
sciences buildings, with more to come, isn’t a 
n because the state is covering the debt 
But departments are being asked to share core 
resources and find other backers. 

Other schools say their new labs are 
a space crunch. At the University of Wi 
consin, Madison, existin 
quickly occupied two new research buildings, 
Spokesperson Terry Devitt says that the 
school, whose NIH funding has fall 


con 


faculty members 


farther their orbits lay to either side of Bap- 
tistina’s orbit, That's exactly the pattern 
expected of a cloud of debris eased away from 
the collision by the sun’s rays: As each fra 
ment absorbs solar energy, it radiates the he: 
away to give an ever-so-gentle rocketing 
effect. The members of the Baptistina “fam- 
ily” identified from the debris pattern also 
share Baptistina’s color, a dark reddish hue 
typical of primitive meteorites that still fall on 
Earth. The researchers concluded that 
Baptistina family members formed in a sing 


Our own big bang. Debris from a collision in the asteroid belt 
160 million years ago may have pelted Earth and the dinosaurs 


collision about 160 million years 
by how far they have since drifted. 

From computer simulations of asteroid 
impacts, the SWRI group found that the 
Baptistina family could have formed in an 
11,000-kilometer-per-hour, nearly head-on 
collision between asteroids 170 and 60 kilo- 
meters in diameter. In further calculations, the 


. judg- 
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more worried about “paying for the science 
tha forthe build- 


goes on inside” than pay 


ings themselves, 

AAMC and Zerhouni warn that the situa- 
tion may get worse before it gets better, 
Zerhouni sees a parallel with the sudden col- 
lapse of the real estate market: Some home- 
owners overextended themselves, he says, 
with the expec 
would continue to rise indefinitely. Speaki 
asa former research dean at Johns Hopkins 
University’s medical school, Zerhouni cau- 
‘d be a lot more careful [now] than 1 
nin 1998. ~JOCELYN KAISER 


ation that housing prices 


tions, 
would have be 


Earth's Dinosaurs 


group estimated how many of the 
140,000 original fragments larger than I kilo- 
mete 

1.4 million kilometers inward of Baptistina to 
a sort of orbital transfer station, There the 
periodic tug of Jupiter’s gravity—like well- 
timed pushes on a child's swing —would kick 
m. 


ferred 


would have been thrown or nudged 


some fragments into the inner solar syst 

Putting ital together, the group found that 
the collision could explain several oddly 
timed impacts astronomers had noticed in the 


system. Its debris could have created the 
surprisingly fresh craters found 
Gaspra, as well as the young rayed crater 
Tycho, the radiant on the neck of the 
Woman in the Moon. The timing and numbers 
of the shower of asteroids would also explain 
why cratering records throughout the inner 
solar system hint that the impact rate has dou- 
bled during the past couple of hundred mil- 
lion years, And then there’s the dinosaur 
killer. Taking into account the spectrally 
determined composition of Baptistina and its 
cousins, the SwRI group 
a better than 90% chance that the 10-kilometer 
object that hit Earth 65 million years ago 
came from the Baptistina family 

They do a pretty convincing job,” says 
dynamicist Derek Richardson of the Univer- 
sity of Maryland, College Park. There’s a lot 
of modeling, but the analysis matches what 
researchers see and 
somewhat anomalous observations” with just 
one scenario, Richardson says. Inspired by 
the result, scientists gauging impact hazards 
are shifting their attention from high-speed 
but rare comets to fami ing colli- 
sions in the asteroid belt, The threat from the 
Baptistina family may have waned, but more 
catastrophic disruptions are inevitable, 
RICHARD A. KERR 
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Venter’s Genome Sheds New Light on Human Variation 


For the first time, researchers have pub- 
lished the DN nce from both sets of 
chromosomes from a single person: none 
other than pioneering 
J. Craig Venter. The 
that there is substantially more variation 
between humans than previ- 
ously recognized. It also 
pushes personalized medi- 
e a step closer and stokes 
standing debates about 
genetic privacy. 

More than 7 yearsago, Ce 
era Genomies, a com 
then headed by Venter 
separately, the international 
Human Genome Project con- 
sortium each described their 
first d 
blueprint for a human. To 
save time and money, both 
teams combined samples 
from several individuals and 
created composite, or “refer 
ence,” genomes that cor 
tained only half of a human's 
DNA, Humans have a diploid 
genome with 23 pairs of 
chromosomes—with one of 
each pair contributed by the father and the 
other by the mother, 
genomes effectively have the sequence 
information from only one member of 
cach pair, the so-called haploid genome 
The assumed that this 
approach wouldn’t sacrifice much detail 
Wrong, says a massive 31-page paper pub- 
lished in the October 2007 issue of PLoS 
Biology by Venter, his colleagues at the 
J. Craig Venter Institute in Rockville. 
Maryland, and collaborators from three 
differ 

According to the study 
genomes underestimate the amount of 
genetic variation between individuals by a 
factor of 5. “We've just really underesti- 
mated this.” says Venter. “We all had very 
naive assumptions because we didn’t have 
that much data to go on. 

Harvard University 
Church, an early proponent of the Human 
Genome Project and a leading developer of 
sequencing technology, praises Venter and 
co-workers. “This is a great study, 
Church. “We need to have diploid genomes 
to sort out our full inheritance. If T walk in 
toa doctor, it isn’t going to do either of us 


sequi 


nome researcher 


jew sequence suggests, 


ifts of the genetic 


The reference 


researchers 


nt universities 
haploid 


veneticist George 


says 


any good if he just gets my dad’s genome. 
Venter and co-workers compared his 
two haploid genomes to assess the differ- 
ences between the DNA he inherited from 
his mother and that from his father. Venter’s 
DNA made up 60” 


of the reference 


Vive la différence. J. Craig Venter’s genome offers the first thorough 
‘comparison of the DNA in the chromosomes inherited from each parent. 


genome produced by Celera; the new study 
built on that work, repeatedly sampling his 
DNA for completeness and accuracy. In 
all, the researchers sequenced some 20 bil- 
lion DNA bases. They looked for ever 
thing from easy-to-find differences in sin- 
gle bases to much more obscure variations 
in chunks of DNA sequence that had been 
serted or deleted from chromosomes 

All told, the analysis found more than 
4 million variants between Venter’s 
maternal and paternal chromosomes. This 
gests that humans differ by 0.5%, not 
O1 ested by earlier estimates. 
“To understand variation, you really need 
to understand how much there is in the 

nome, and we've never really been able 
to do that head-on,” says co-author Stephen 
Scherer, a medical geneticist at the Univer- 
sity of Toronto, Canada. 

Scherer hunted through Venter’s 
genome for copy number variations 
(CNVs), stretches of DNA that, when 
compared to a reference genome, have 
extra or missing chunks. Scherer predicts 
that the rapidly growing number of inves- 
ators who study CNVs will soon begin 
routinely checking DNA samples 
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Venter’s diploid genome as an additional 
reference. “You'd be crazy not to,” says 
Scherer. “It’s like you'd be looking at the 
data with one eye shut 

Some researchers, including those 
enthusiastic about the availability of 
Venter’s diploid genome, question whether 

it actually sheds new light on the 
degree of variation that exists 
among individuals, As Harv 
Church notes, recent studies of 
CNVs published by Scherer and 
others have emphasized the same 
point (see p. 1315). 

Venter won't be the only 
celebrity to have a published 
diploid g 
Watson, co-discoverer of the 
structure of DNA 
pleted in May, and it’s now available 
on the Cold Spring Harbor Laboratory's 
Web site, And the advent of cheaper, faster 
technologies such as the one used to 
sequence Watson's genome means that a 
steadily increasing number of individuals 
will soon join the diploid genome club. 

As individual genomes 
sequenced, privacy questions will inevitably 
come to the fore, Watson requested that the 
status of'a key gene that predisposes people 
to Alzheimer’s disease not be disclosed 
(Science, 30 March, p. 1780), Venter, in 
contrast, went buck-naked, genetically, 
The paper includes a lengthy table that 
lists more than wo dozen gene variants he 
has that have been associated with 
increased risks for alcoholism, antisocial 
behavior, tobacco addiction 
abuse, heart disease, and Alzheimer 

Venter says he has no concerns about 
making this information public, stressing 
that, in the vast majority of cases, traits and 
diseases are not determined by a single 
gene, “Will I really get Alzheimer’s and 
heart disease?” asks Venter, His father was 
a smoker who died at 59 from sudde 
diac arrest, and his 84-year-old mother still 
plays golf and sails with him, “Who wins 
out?” asks Venter. “There’s going to be a 
different answer in every one of us.” 

In the end, says Venter, the more people 
who make public their complete DNA and 
health histories and traits, the more readily 
scientists will be able to interpret the still- 


ds 


nome for long: James 


had his com- 


more are 


substance 


care 


baffling human genome. “I don’t think we 
have anything to fear.” says Venter, “And 
we have alot to gain “JON COHEN 
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HARBIN, HEILONGJIANG PROVINCE, 
CHINA—For Xu Yan Chun, a wildlife 
geneticist at the Northeast Forestry Un 
versity here, the eight Siberian, or Amur, 
tigers clustered in the dirt under a shade 
rea sign of hope. Although confined 
shrubby enclosure at the Heilong 
Siberian Tiger Park in Harbin, the tigers 
may one day be used to help bring back 
what Ch 


as virtually lost: tigers in the 
wild. “It's the dream,” says Xu, who is ana- 
lyzing the genetics of the park's 800 tig 
to determine how inbred they have become 
since the government-owned park was 
founded 21 years ago, He estimates that 
about 200 of the cats are genetically 
healthy enough to be used for such a cap- 
tive breeding program 
Reintroducing captive tigers to the wild 
may seem a desperate plan, But the pl 
of wild tigers is indeed desperate. Just 
100 years ago, an estimated 100,000 tigers 
representing nine subspecies roamed Asia 
from China to Turkey. Today, after almost 
unrelenting human persecution, fewer 
than 3000 tigers remain in the wild, 
according to a 2006 International Union 
for the Conservation of Nature and Nat- 
ural Resources report. Their territory has 
dwindled as well, with tigers inhabiting a 
mere 7% of their historic range, according 


es 
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to leading tiger research groups. Not more 
than 50 wild tigers remain in China, says 
its State Forestry Administration (SFA). 
Captive tigers, on the other hand, are 
booming. At least 11,000 tigers of mixed 
ancestry are behind bars, estimates Ron 
Tilson, director of conservation at the 
Minnesota Zoo in Apple Valley. About 
1000 dwell in public zoos in Europe, 
Japan, North America, and other coun- 
tries, Astonishingly. more than $000 tigers 
are in the hands of private owners in North 
America, And at least another $000 live in 
state and private tig 
“farms,” as many conservationists call 
them), mostly in China. 


er-breeding centers (or 


Bone-strengthening wine? Wine is sold in tiger- 
shaped bottles, but lion carcasses are used to brew it. 


So in the late 1990s, when SFA officials 
began exploring the idea of restoring China's 
mals of symboli¢ and cultural 
importance to the nation—they turned in part 
to the tiger-breeding centers, But they are 
also considering other means, such as trans- 
locations of wild tigers or, if feasible, simply 
encouraging tiger populations to rebound on 
their own. “The Chinese desperately want to 
bring back their wild tigers,” says 
But tiger reintroduction is challenging, 
requiring a genetically diverse population 
and an estimated minimum of 100 prey 
packed square kilometers per tiger—not to 
mention the need to reacquaint captive ani- 
mals with the rules of the wild. Tilson him- 
self prefers to avoid using captive cats and is 
working with Chinese officials to restore the 
South China tiger (the most endangered of 
China’s four subspecies) by perhaps using 
Wild tigers of a closely related subspecies. 
Indeed, for some scientists and conser- 
vationists, the captive tigers at China's five 
commercial breeding centers represent 
their worst nightmare. They argue that 
captive-bred tigers, often too genetically 
similar or hybrids, can never be released, 
and that unless destroyed they will be used 


Ison, 


to reignite the trade in tiger parts, which has 
dropped dramatically since the Chinese 
enacted domestic ban in 1993."*The purpose 
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Face-off. A South China tiger prepares to attack a 
blesbok on a reserve in South Africa. 


of the tiger farms always has been and con- 
tinues to be solely for commercial purpose: 
to sell tiger-bone medicine and wine 
charges Grace Ge Gabriel of the Interna- 
tional Fund for Animal Welfare (IFAW), 
headquartered in Yarmouth Port, Massachu- 
‘And if they're allowed to” sell these 
products, “it will mean the end of tigers in 
the wild everywhere.” 


setts. 


Tiger-bone medicine 
Tigers, with their lustrous, striped furs and 
powerfully muscled bodies, have long been 
seen as embodying magical powers. For at 
least 1500 years, traditional medical practi- 
tioners throughout Asia have prescribed 
remedies using tiger bone to treat a varie 
of ailments from rheumatism to impotene 
But in the 20th century, the tiger-bone trade 
increased exponentially, as did 
sport hunting, deforestation, and 
other pressur 

To stop the slaughter, in 1975 
the Convention on International 
Trade in Endangered Species of 
Wild Fauna and Flora (CIT! 
banned the international trade in 
tigers and tiger parts, In 1993, 
China—ofien the prime destina 
tion for tigers poached else 
Where—followed this up with its 
own domestic ban, Yet even with 
China adhering to both bans, wild 
tigers have continued to decline in 
most of the 14 countries that har- 
bor a population, largely because 
of shrinking habitat, lack of law 
enforcement, anda renewed trade 
in tiger skins. 

The Siberian Ti 
China's first—was born in 1986 
when a wildlife biologist decided 
to breed captive tigers as a source 
of tiger-bone medicine, with the 

8 hope of decreasing poaching pres- 
© sure on the wild cats, But before 
‘any captive tiger bone parts made 
: it to the market, China banned the 
§ trade, Strugeling this center and 
5 turned to tourists and to 
2 selling tigers to zoos for income, 
3 At the most recent CITES 
2 


meeting in June 2007 (Science, 
22 June, p. 1678), the centers came 
under fire when Ireland floated a 
proposal to study expanding 
traded items derived from captive 
wildlife. Several environmental 
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organizations warned that any such expansion 
would be harmful to wild tigers. In response, 
China argued that sales from the centers could 
provide needed funds for conserving its few 
wild tigers and supporting tiger reintroduction. 
Nearly every other state that has wild 
tiger populations and numerous environ- 
mental groups roared in protest, reiterating 
that such a move would doom the few 
remaining wild tigers by rekindling the ma 
ket for tiger parts. They also called on China 
to close the ti 
ban has done so much to save the tiger.” says 
Judy Mills of the Washington, D.C.-based 
International Tiger Coalition. “But trade of 
any kind from any source and for any reason 
threatens its survival. Nor is there any nei 
to reintroduce tigers. They breed like hou 
cats and will come back on their own if 
they're protected from poachers.” 

In the end, China joined the other delega- 
tions at CITES and passed a resolution that 


er-breeding centers. “China's 


distribution 


Tracking the Vanishing Tiger 


First listed as endangered back in 1975, the tiger (Panthera tigris) is 
disappearing faster than ever, with only an estimated 3000 surviving 
in the wild. Three of the nine known subspecies—Bali (Pt. balica), 
Caspian(P.t. virgato), and Javan (P.t. sondaica)—are extinct, and the 
South China tiger (P.t. amoyensis) has not been seen in the wild for 
20 years, India reported a healthy population of 3642 Bengal tigers 
(Pt. tigris) as recently as 2001 but now has 1500 or fewer, according 
toa new, as-yet-unpublished government survey. But 
Bangladesh, Bengal tigers are holding fast, and in Russia's Far East, 
the critically endangered Siberian tiger (P.t. altaica) may be making 
a slight comeback. The Malayan subspecies (Pt. jackson), recently 
discovered via genetics, is endangered in the wild like its brethren. 


Nepal and 
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says the 


ptive breeding of tigers should be 
restricted “only to conserving wild tigers” 
and that the felines should not be “bred for 
their parts and derivatives.” 

Nevertheless, China has not stepped 
back from an internal debate about whether 
to allow its citizens to resume using tiger- 
bone medicine, although most traditional 
medicine practitioners argue that alterna- 
tives exist and are not requesting tiger bone. 
(Indeed, last May, the state-owned Tanggula 
Pharmaceutical Co. in Beijing published a 
study claiming that mole rat bones were as 
effective as tiger bones for treating rheuma- 
tism,) Still, some of the tiger-breeding cen- 
ters sell tiger-shaped bottles containing a 
brew made by steeping feline carcasses in 
rice wine for several years, says IFAW’s 
Gabriel, SFA officials say that the wine is 
made with lion bone, One center's restau- 
rant also sold what it claimed was tiger meat 
as recently as last year, Gabriel adds, And 
the centers have hundreds of 
containers of tiger eare: 
skins, bones, and organs in cold 
storage. “They are valuable, and 
we hope to use them one day,” 
says Wang Li Gang, general 
manager at the Siberian Tiger 
Park, “I'm old enough now that | 
myself would like to use the 
tiger-bone medicine 

All this creates pressure to lift 
China's domestic ban on the tiger- 
bone trade. “Since 2004, we've 
received many petitions ... to 
allow the use of tiger bone for 
medicines,” explains. Wang 
Weisheng, director of the Wildlife 
Management Division of SFA in 
Beijing. In 2005, SFA began 
researching ¢: 
ing and the medi 
bone to ass 
basis." says Wang during an inter- 
view in his office, “There must be 
a benefit to the wild tiger from the 
medical use of tiger bone using 
captive tigers” for the ban to be 
lifted, he says. SFA has gathered 
expert input through two interna- 
tional tours and a workshop, he 
acknowledging that the con- 
flict between the two positions “is 

very strong.” He says the agency 
will try “to find a solution” after 
scientific analysis of the data 

Wang insists that the pro- 
posal is not to “reopen the tiger 
Rather, he says, “if our 
government approves the use of 
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tiger bone from captive-bred tigers, patients 
will only be able to buy tiger-bone medi 
at designated hospitals.” The regulated use 
of such medicines might dry up the remain- 
ing black market, he says, citing a survey by 
researchers at China’s Science and Technol- 
ogy Institute in Beijing. 


Dreams of return 

Even as the tiger parks push to sell tiger 
products, they insist that they can also help 
rs by breeding them, Indeed, the 
‘most controversial tiger reintroduction plan, 
called Save China’s Tigers, involves using 
South China tigers from the Chinese Tiger 
Rewilding and Reintroduction Center in 


Rare shot. Awild Indochinese tiger photographed by camera trap ths year in China 


Meihuashan, Hunan Province—and building 
up stock on a reserve in South Africa, where 
no wild tiger has ever stalked. Started by Li 
an, «t London-based businesswoman, the 
organization's idea is to “rewild” the captive 
tigers so that their offsp 
their own. With the approval of China’s SFA, 
Save China's Tigers relocated two male and 
two female tigers in 2003 and 2004 to the 
South African sit chose South Afri 
because “it’s very hard to find enough space 
and prey in China." Li explains, 

Many tiger-conservation organizations 
remain highly critical of the plan, 
of time and money and not beneficial to the 
species,” says Mills of the International Tiger 
Coalition, “It could even be dangerous, since 
are questions about the genetic integrity 
of the captive cats,” meaning that many eap- 
tive tigers are hybrids of two or more sub- 
species. “It’s better to put all our efforts into 
tigers that already exist in the wild.” 

Li says she’s “been maliciously attacked 
for this idea by everyone, but you have to 
expect that with a new idea.” Project man- 


n survive on 
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ager Peter Openshaw notes that “we do not 
ich’ or “train’ the tigers to hunt. ... We set 
up situations whereby they teach themselves 
to hunt usi natural instincts” And it 
works, he says. After feeding the tigers ante- 
lope carcasses, he released three live South 
African antelope, or blesboks, into the male 
ers’ “camp.” Instantly, the two tig 
chased the antelope “at top speed,” catching 
and killing first one then the other two. Most 
days, the tigers are fed meat; but about once 
week they're allowed to hunt an antelope 
10 keep up their skills.” says Openshaw 
The tigers will have no trouble switching 
prey from South African antelope to Chinese 
deer, predicts Gary Koehler, a carnivore biol- 
ogist with Washing- 
ton state’s Depart- 
ment of Fish and 
Wildlife and one of 
iS ific advis- 


ers 


hopes the females 
will teach their o! 
spring to hunt, These 
unborn tigers, 
or perhaps the off- 
the o! 


s-yel 


square-kilometer 
reserve in Hunan that 
Li's organization and 
SFA plan to restore, 

But other biolo- 
gists worry that even if Save China’s Tigers 
succeeds in placing a healthy, hunting tiger in 
that reserve, it won't be enough space, 
because a breeding population of 10 tigers is, 
estimated to need at least 1000 square kilo- 
meters. SFA’s Wang counters that if the rein- 
troduction is successful, more habitat will be 
found. The plight of the South China tiger 
makes the unorthodox plan worth trying, he 
and other supporters insist, “If we do nothing 
for the South China tiger, we will lose it, so 
we need to be creative.” says Wang 

Other reintroduction projects are under 
way, too, but these skirt the problem of 
“re-wilding” by relying on existing popul 
tions of wild tigers, even if they are from adi 
ferent subspecies. For example, Tilson is work- 
ing with SFA on a project to restore the South 
China tiger perhaps by using its close cousin, 
the Indochina tiger. Between 1000 and 1200 of 


these tigers are thought to live in scattered pop- 
ulations in China, Laos, Cambodia, Thailand, 


Vietnam, and Myanmar. “Morphologically 
and genetically, you really can’t tell them 
apart.” says Tilson, adding that the subspecies 


differences are “biopolitical differences. 
The historical designations are there only 
because there is a border.” The tigers would 
be given a 1000-square-kilometer preserve 
straddling Hunan and Hubei provinces. 

Tilson’s proposal with SFA calls for con- 
verting the existing pine and fir trees (“You 
can’t really call ita forest, since the trees are 
planted like rows of corn, and there's not a 
weed or bird or mammal in sight,” he says) 
to the original habitat of shrubby grassland, 
then building up populations of native deer 
and boar, the tiger's preferred entrées, Once 
habitat and prey are restored, and villagers 
(Han Chinese intellectuals who fled here 
during the Cultural Revolution) relocated, 
Indochina tigers would be brought in from 
nother as-yet-unidentified population, 
probably young tigers leaving their mother’s, 
territory, “They will do just fine,” Tilson 
predicts, He hopes that the project will even- 
tually “give China and other countries a 
model that can be used elsewhere.” 

Meanwhile, in Yunnan Province near Laos, 
James L, David Smith, a wildlife biologist 
from the University of Minnesota, St, Paul, 

nd Zhang Li, a wildlife biologist at Beijing's 
Normal University, are working to bring back 
the Indochina tiger itself: no more than 16 are 
thought to live in China, Still, “there are three 
reserves that potentially have populations,” 
says Smith, who with Zhang and Yunnan’s 
forestry department has launched an in-depth 
survey, In April, one of Zhang's students pho- 
tographed an Indochina tiger inside one of the 
reserves (see photo, left), Ifthe team finds a 
breeding population in China, Smith su 
that the Chinese follow his plan for Nepal, 
where he encouraged the government to work 
with local communities to protect the tiger 
“There are now more tigers in Nepal [about 
120] than when I did my Ph.D. research in the 
1970s and *80s,” he says, largely be 
increased mixed forest cover. “That is the k 
good tiger habitat.” 

Back in Beijing, Wang hasn't given upon 
captive tigers. If the Save China’s Tigers 
project succeeds, he says he might consider 
a reintroduction program for the Siberian 
too, using some of the genetically 
healthy captive Siberian tigers Xu has iden- 
tified at the Siberian tiger-breeding center. 
But that remains only an idea. For now, these 
Siberian tigers will remain in captivity, 
entertaining tourists on the Number One 
Adventure Bus, chasing chunks of raw me: 
mating with their close relatives, livin; 
most tigers do these days, behind bars: their 
fate after death uncertain, 

VIRGINIA MOREL 
Virginia Morell isa science writer in Ashland, Oregon, 
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Fingering the culprit 
gene cause a form of Charcot-Marie-Tooth disease 


Extra copies 


a neuropathy that affects the feet and hands. 


GENOMICS 


DNA Duplications and Deletions 
Help Determine Health 


Each human’s genome is distinguished by extra, and sometimes missing, DNA that 
can powerfully impact everything from development to disease 


In 1991, both Seience and Nature turned down 
James Lupski's submission that described an 
unprecedented link between an inherited 
human disease and aber- 
ration, “It was rejected without even beir 
out for review?" recalls Lupski, a 
Baylor College of Medicine in Houston, Texas. 
Unlike the many studies that fingered tiny 
mutations in genesas the cause of inherited dis- 
eases, Lupski pointed to a relatively large, 
jon of one chromosome as the 


novel chromosom: 


ws sent 


ticist at 


duplicated 1 
culprit, Later research showed that this duplica- 
tion, inserted within the same chromosome, 
harbors an additional copy of gene involved in 
making a nerve cell’s protective sheath, The 
extra dose of the gene caused the sheaths to dis- 
integrate, interrupti 
brainand the hands and feet. Atthe time, “there 
‘was no appreciation that copy number was a 
mechanism of disease,” says Lupski, whose 
study appeared in Cel! later that year. 

Lupski’s link between gene copy number 
and the peripheral neuropathy known as 
Charcot-Marie-Tooth disease (CMT) marked 
the opening of a new chapter in human genet- 
ies. Notonly has his discovery led to progressin 
understanding and potentially treating this dev- 
astating disease, but italso set the stage for what 
has recently become a frenzy to find other con- 
nections between disease and gene duplica- 
tions or deletions. As new techniques to spot 
such 


g signals between the 


netic differences have become avail- 


genome have 
the number of 


able, investigations of the humar 
found thousands of variations 
copies of a geni or large 
stretches of DNA—so-called copy number 
CNVs. “This whole new world has 
ed up in genetic variation,” says cyto- 
geneticist Charles Lee of Brigham and 
Women’s Hospital in Boston. 

Geneticists are steadily linking more and 
more of these CNVs to human maladies, 
including Alzheimer's, Parkinson's, various 
mental retardations, autism, color blindness, 
and at 


Gene Dosage Affects Symptoms 


GENE 
COPIES PHENOTYPE 


piece of a ge 


ants, « 


atomical deformities. Several studies 
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Numerous possibilities. The number of extra, 
missing, and mutated (red) PMP22 genes leads to 
neuropathies (CMTLA and HNPP) of varying severity. 
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have shown that CNVs can also powerfully 
influence a person’s susceptibility to disease 
and to the side effects of medications, And each 
connection between a CNV and a disease suug- 
gests novel targets for therapies. 

CNVs have become such hot commodities 
that some researchers now contend they're as 
important as mutations in g 
And several companies that specialize in ana- 
lyzing DNA have developed new tests to detect 
CNVs. “We're starting to see CNVs incorpo- 
rated into most genetic studies now, 
Stephen Scherer, a medical geneticist at The 
Hospital for Sick Children in Toronto, Cana 

But with all the excitement surrounding 
CNVs, several leading researchers in the field 
urge colle 


es themselves, 


says 


ula, 


s to keep their enthusiasm in 
check. One caveat is that the main technologies 
used to pick out duplications and de 
relatively blunt tools, leading to widespread 
concern that far more CNVs have been 
reported than truly exist, “There's a lot of hype 
inthe CNV * says Lee 

Yet there's sreement that CNVS 
can have a profound influence on determining 
what makes individuals unique, reaching far 
beyond health status to affecting underlying 
differences in looks and personalities. “What's 
cool is that we're a 
genomes,” says Evan Eichler, who studies gene 
duplications at the University of Washington, 
Seattle. “None of us is truly normal.” 


tions are 


ield right now 


srowiny 


mosaic of pieces of 


Beyond belief 
Geneticists have long known that extra or 
missing chromosomes or chromosome frag 
ments, visible under a microscope when a 
cell’s DNA is stained, can cause conditions 
such as Down syndrome. They have also tied 
scores of diseases to molecular misspelling: 
mutations in individual bases that make up 
the DNA in a gene. But, as Lupski discov- 
ered, other things can go haywire in the 
human genome. Pieces of chromosomes too 
small to see with a microscope can break off 
attach in the wrong place, or duplicate, creat- 
tructural variations” that range in size 
from 2 to 2 million bases. A piece of a gene, 
a whole gene, or many genes can get caught 
up in these rearrangements, which occur as 
DNA is copied during cell division 

Until recently, these submicroseopic 
changes have escaped routine detectic 
Indeed, until the human 


ing 


enome was 


sequenced, researchers had few clues about 
their existence. Now, with a reference 


sequ hand and new techniques to 
lyze DNA, discovery of structural genetic dif- 
ferences in an individual has become com- 
monplace, and there's an increasing apprecia- 
tion of how big arole they play in making each 


na- 
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person's genome distinct, “The field is moving 
: Lupski 

tion of these variations has 
upped the ante on the subtle ways humans dif 
fer, Over the past decade, studies that compare 
DNA differences between individuals have 
found that single base changes, called single- 
nucleotide polymorphisms, or SNPs (pro- 
fe abundant, occurring as 
frequently as once every 100 bases in the 3- 
billion-base-long human genome, Now 
CNVs—which by definition are DNA stretches 
(00 bases or more that differ from the human, 
genome reference sequence—are proving to be 
‘more common than previously thought. 

In 2004, two reports that detailed the fre- 
quency of CNVs stretched many minds, First 
ame a paper in the 23 July 2004 i 
ence (p. $25) in which Jonathan Sebat and 
el Wigler of Cold Spring Harbor Labora 
w York state and colleagues 


Mil 
tory in 


Number Variants Ir 


ue of 


described the results of their search for CNVs 
in 20 “normal” individuals. They found 211 
CNVs. That was far more than they and others 
expected, but welcome confirmation came a 
week later when Nature Genetics published a 
paper online from the labs of Toronto's Scherer 
and Brigham and Women’s Lee, who analyzed 
39 healthy people and found 255 CNVs. In 
both studies, the average person had about a 
dozen CNVs. When they first submitted their 
paper, says Scherer, the total known human 
CNVs, including the one Lupski had found, 
numbered just 12. “Two of three reviewers said, 
“This just can’t be true. We would have seen it 
before" Scherer recalls. 

Scherer, Lee, and other colleagues have 
since created a Database of Genomic Variants 
to catalog all reported CNVs in normal 
humans. As of their most recent update in 
March, they had compiled 6482 CNVs from 
40 publications, Just this week, in the 4 Sep- 


ed in Human Disease 


PHENOTYPE 


Demyelination, peripheral neuropathy 
In males, short stature, mild mental retardation 


Demyelination, white brain matter abnormalities 


Neuron degeneration, rigidity, tremor 

Amyloid f precursor protein buildup 

Increased side effects, increased or decreased efficacy 
Increased susceptibility to infection and disease 
Increased susceptibility to kidney failure 

Mental retardation 


Demyetination, paralysis of legs, 


involuntary jerking of head 


Spinal deterioration, milder disease w/later onset 
Mental retardation, spasticity, 


language/speech problems 


DISEASE GENE 
Charcot-Marie-Tooth type 1A PMP22 
X-linked hypopituitarism SOX3 
Autosomal dominant. LMNB1 
leukodystrophy 

Parkinson's SNCA 
Alzheimer's APP 
Altered drug metabolism C¥P206 
HIV/AIDS: CLL 
Lupus FCGR3B 
Smith-Magenis syndrome RAI 
Pelizaeus-Merzbacher PLPL 
Spinal muscular atrophy SMNI 
Rett-like syndrome MECP2 
Miller-Dieker syndrome ‘ust 
Neurofibromatosis type 1 NEI 


Brain malformation, mental retardation, epilepsy 


Tumors, cognitive deficits 


tember issue of PloS Biology, researchers 
describing J. Craig Venter’s genome sequence 
reported that this sequencing maverick has 
more than 60 CNVs, half of them los: nd 
half of them gains (see News story by Cohen). 


Start making sense 
Discovering a variation in gene copy number is 
now the easy part, says geneticist Matthew 
Hurles of the Wellcome Trust Sanger Institute 
in Hinxton, UK, “The much harder thing is to 
determine its impact.” Toward that goal, Hurles 
and colleagues have put together DECIPE 

a database that catalo, 
ease. And as part of the Genome S 
Variation Consortium, Hurles, Scherer, and 
Lee are searching for additional functionally 
relevant CNVs. In the 23 November 2006 issue 
of Natwe, the consortium reported analyzing 
270 healthy individuals from four distinet 
ethnic populations. They found that 14.5% of 
the in these people included gen 
already identified as having a role in inherited 
disorders, suggesting that the variants may be 
key ina wide variety of afMictions. 

‘The consortium looked at individuals fiom 
the same populations to determine the relative 
importance of CNVs and SNPs in altering gene 
expression, In the 9 February issue o 
{p. 848), the researchers reported that CN’ 
accounted for 17.7% of gene-expression diff 
ence SNPs accounted for the rest. 
These findings, they concluded, underscore 
that significant genetic variation can involve 
everything from a single base change to mil- 
Tions of bases. 

Yet finding that a CNV alters gene expres- 
sion or involves a disease-related gene is still a 
far cry from explaining how it actually 
symptoms. As it turns out, CNVs can cause 
problems by several different m In 
the simplest scenario, extraormissing copiesof 
a gene alter its overall expression, thus chan 
ing production levels of the protein encoded by 

ne. 

Genes typically come in pairs, one in each 
set of chromosomes. A single missing gene can 
reduce protein production, and if both copies 
are missing, it can shut down production alto- 
g snes cause everything 
from neurodevelopmental disorders (including 
the syndromes known as Williams-Beuren, 
Smith-Magenis, Prader-Willi, Angelman, and 
Miller-Dieker) to color blindness and pre- 
disposition to Crohn’, lupus, and AIDS. 

Gene duplications —which can range from 
‘one to more than a dozen copies of a gene—in 
contrast, can increase protein production. As 
Lupski discovered. such excess leads to a form 
of CMT. Studies of families with early-onset 
Alzheimer’s disease have found that extra 


nce 
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copies of genes can overproduce the amyloid 
B precursor protein, causing problems for the 
brain, Similarly, geneticists studying a rare 
form of early-onset Parkinson's have found 
that it can result from a CNV that causes the 
overproduction within the brain of the protein 
a-synuclein. 

But unraveling the ties between CNV and 
disease isn’t always straightforward. Havi 

n eXtra or missing gene often has no appreci 
ble impact, Sometimes an extra copy of a 
includes a SNP. making it different from the 
normal copies, and it’s that single-base muta 
tion that causes problems. The SNP, in turn, 
might modify the effect of the CNV, lessening 
orexacerbating the resulting symptoms, Other 
times, the CNV alters the regulatory mecha- 
nism that controls a gene located far away. Or 
the creation of a CNV can add or delete DNA 
in the middle of an existing gene, effectively 
crippling it 

“Isa whole different thing to go from find- 
ing a CNV to determining which are the 
dosage-sensitive genes” relevant to a disorder, 
says Lupski, He notes that it took his group sev- 
eral years after linking a CNV to CMT to 
demonstrate that it was extra copies of the gene 
PMP22 that led to disease by increasing pro- 
duction of its protein, 

Given the difficulty of proving causa- 
tion, there’s a growing concern that some 
researchers have been too quick to pronounce 
disease associations with duplicati 
deletions, “It seems right now that there's this 
fervor with CNVs, and eve 
their disease cohort and saying, “We found a 
connection that’s never been seen,’ 


ns and 


one’s testing 


Eichler. One much-discussed example of 


aa result that hasn't held up: a report in the 
10 August 2001 issue of Cel that tied suscep- 
tibility to phobia and panic disorders to a 
duplicated region of chromosome 15, Five 
subsequent studies found no such association. 
Eichler and other res 
that the literature—and thus the Database of 
Genomic Variants—is littered with too many 
large CNVs, which typically stretch for several 
thousand bases. Eichler notes that all of the 
bases encompassed by the 6500 CNVs in the 
database added together account for more than 
20% of the genome, a notion he brands as 
bsolutely bo; ys Eichler, “They're 
overinflating the real estate,” Scherer, on the 
other hand, suspects that the literature currently 
underestimates the true number of CNVs. 
me of this debate stems fiom limitations 


ichers worry, too, 


ofthe technique most commonly used to detect 
CN’ 


's, comparative genome hybridization. 
apted from cane the technique 
takes advantage of the fact that a single strand 
of DNA will stick, or hybridize, to its comple- 


researc! 


wwwssciencem, 


Red alert. Two chromosomes contain different copy 
numbers (red dots) of a gene that codes an amylase, 
‘an enzyme that breaks down starch. 


mentary strand, So researchers use a known 
strand of DNA as ata nd then compare 


how much ofan unidentified strand hybridizes 


ion 


comparison to the amount of hybrid 
seen with the known complementary strand, 
Powerful as the technique is, it sometimes 
detects DNA differences that do not exist or 
reports the same CNVs as unique. Ideally, 
researchers would compare a person’s actual 
DNA sequence to the reference genome 
Although this is a much more expensive 
process, Eichler and colleagues plan to employ 
this sequence-level strategy to gather details 
about the deletions and duplications in more 
than 50 individuals, thereby getting a handle on 
the true numbers of CNVs. 


Into practice 
Oncea CNV is conclusively linked toa disease, 
how does that help people? “That's a burning 
question for the whole field and for SNP asso- 

ations as well: How do you translate that 
information into a pharmacological strategy?” 
says Steve McCarroll, a geneticist who works 
‘on both CNVs and SNPs at the Broad Institute 
in Cambridge, Massachusetts. 

Researchers have made tangible headway 
with CMT type 1A disease, about 70% of 
which is caused by an extra copy of PMP22. In 
the April 2004 issue of Nature Medicine, a 
team led by Michel Fontés of the French bio- 
medical research ageney INSERM in Mar- 
seille, France, described engineering mice to 
overexpress the human PMP22 gene, mimick- 
ing the CNV Lupski had found in people. The 
researchers demonstrated that high doses of 
Vitamin C reduced the expression of PMP22 in 
the mice, which led to remyelination of their 
damaged axons and improvements in their 
locomotion. In April, researchers at Wayne 
State University in Detroit, Michigan, began 
studies with high doses of vitamin C in pat 


nts 
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withthe CMT type 1A duplication, Results are 


expected in 2010, “It’s all very, very early.” 
says Lupski. 
Pharmacogenomics researchers, who 


examine how genetic variations affect individ- 
ual responses to drugs, are finding it useful to 


consider CNVsas they evaluate new treatments, 
and unravel why some people don’t respond to 
existing medicines. They now know, for exam- 


ple, that in the subset of cancer patients who 
have extra copies of the PMP22 gene, the 
chemotherapeutic vincristine accelerates the 
neuropathies seen in CMT type 1A and should 
not be used, Another potential application of 
CNV identification to personalized medi 
involves CYP2D6, a gene that codes for a liver 
enzyme and partially controls how people 
metabolize dr 

And researchers last year discovered that 
variations in the number of copies of a gene 
involved with steroid metabolism, UGT2B17, 
might explain variations in testosterone levels, 
in athletes, In a study, UGT2B17 was deleted 
more frequently in Korean than in Swedish 
men, leading to higher testosterone levels in the 
Swedes, Such work could improve drug-doping 
testing of competitors by distinguishing people 
who take artificial testosterone from those with 
ly n their body. 

Figuring out the true role CNVs ultimately 
play will depend heavily on the accuracy of the 
technologies used to detect them and the popu- 
lations that researchers tap to assess links to dis- 
ase. Many genomics companies recently have 
put serious muscle into developing better 
assays and have begun to collaborate with 
groups that have collected DNA from well- 
characterized populations, Ieeland’s deCODE 
Genetics, which has made great strides identi- 
fying associations between SNPs and disease 
in its large database of more than 100,000 Iee- 
landers, has teamed up with assaymaker Illu- 
mina in San Diego, California, “We very 
significant effort looking for CNVs." says 
deCODE CEO Kari Stefinsson, MeCarroll 
and David Altshuler at the Broad Institute have 
joined forces with Affymetrix in Santa Clara, 
California, to develop assays that simultane- 
ously detect both SNPs and CNVs, And Nim- 
bleGen Systems in Madison, Wisconsin, 
announced in July that the Genome Structural 

fariation Consortium will use the company’s 
new comparative genome hybridization assay, 
n map CNVs that are as few as 500 
bases long—100 times finer resolution than the 
group used in the map it published last year. 

Lupski, who has watched the field grow 
from its inception, says to expect many more 
surprises. “We're charting new territory, and we 
don’t know where we're going to sail to," he 
says. “And that’s fun.” ~JON COHEN 
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Silicon Adds to Its Roster of Skills 


Is there anything silicon can’t do? The sil- 
very semiconductor isalready the behemoth 
of the electronics world. Researchers have 
engineered it to manipulate light as well. 
Now, at California-based team has found 
that collections of whiskerlike silicon 
nanowires make an impressive thermoelec- 
tric material, capable of converting heat 
flow into electricity and vice versa. 

At the meeting last month, James Heath, 
‘a chemist at the California Institute of Tech- 
nology (Caltech) in Pasadena, reported that 
by simply growing silicon into wires about 


10 nanometers across, he and his colleagues 
improved silicon’s ZT—a measure of how 
well a material converts heat flow to elec- 
tricity—to 1, roughly 100 times that of bulk 
silicon, “It's a really important finding,” 
s chemical engineer Gyeong Hwang of 
the University of Texas, Austin, Although a 
ZT of | lags behind the record of 2.4, silicon 
is a far simpler material than the current 
record holder—a complex, multilayered 
material. That advantage, together with the 
computer industry's decades of experience 
working with silicon, means that silicon 
based thermoelectric devices could one day 
be incorporated into computer chips to help 
cool them down and may eventually help 
turn waste heat from boilers and car engines 
into valuable electrical power. 

The thermoelectric effect, discovered 
nearly 200 years ago, works when a semi- 
conductor is hotter on one side than the 
other, Heat and electrical charges flow from 
the warm side to the cool one. The move- 
ment of charges creates a voltage difference 


between the two sides that can be harnessed 
to do work. The effect also works in reverse: 
Apply a voltage, and the semiconductor 
pushes heat from one side to the other. So 
far, thermoelectric devices have been too 
inefficient to compete with other power- 
generating or heat-pumping technologies. 
But experts think large-scale markets could 
open up if'a thermoelectric device achieved 
ZT of about 3, or perhaps less if the start- 
ing material were cheap. 

The key to making efficient thermo- 
electric devices is finding materials that 
are good electrical 
conductors but pre- 
vent heat-carrying 
vibrations, known as 
phonons, from travel- 
ing across the mater- 
ial’s crystal lattice. 
Phonons equalize the 
temperature on both 
sides and so eliminate 
the material’s ability 
to generate power. 
Thermoelectric 
devices made from 
alloys of bismuth and 
tellurium with a ZT of 
about | have been 
But in the mid-1990. 
ind Pennsylva- 
nia calculated that the effect would spike if 
the semiconductor were just a few nano- 
meters thick in at least one dimension. Such 
a shape would allow electrons to continue to 
whiz through the materials but would block 
phonons from carrying heat from one side 
of the device to the other. In 2001, 
researchers in North Carolina hit the jack- 
pot with devices showing a ZT of 2.4, made 
from a complex sandwich of semiconductor 
layers, each as litle as 1 nanometer thic! 

Heath and colleagues decided to see 
what would happen if bismuth had two 
nanometer-scale dimensions instead of 
one—nanowires instead of sheets. Heath's 
team had previously developed a technique 
for making perfect nanowires from many 
different kinds of materials (Science, 4 April 
2003, p. 112) and applied it to forge bis- 
muth nanowires. But chemical reactions on 
the surface of the wires interfered with 
thermoelectric measurements. The Caltech 


team decided to try nanowires made from 
ilicon instead. Silicon has dismal thermo- 
electric properties in bulk, but because its 
surface can be carefully controlled it 
seemed an ideal test bed. The tests showed 
a pleasant surprise: The electrical conduc~ 
tivity of the nanowires dipped slightly 
compared to the bulk, but the thermal con- 
ductivity went through the floor, dropping 
1000-fold. 

Heath suspects the drop is due to 
“phonon drag,” in which phonons slow their 
movements because of interactions with 
electrons. If'so, he adds, it suggests that the 
material's small dimensions, rather than its 
surface chemistry, is responsible. In any 
case, Heath says he suspects that spiking sil- 
icon with other elements to improve its elec~ 
trical conductivity and slow phonons even 
further may give silicon nanowire thermo- 
electric devices yet another boost—possibly 
‘enough to hand silicon yet another job in the 
electronics world, 


Antisense Particles 
Send Up a Flare 


It takes skill and a bit of luck to sueceed in 
science. So far, antisense technolo 
which tries to shut off the output of partic 
ular genes, has shown plenty of the former 
but little of the latter. The technique 
Jong excelled in lab studies, but antisense 
based drugs have struggled to reach the 
market, In many cases, researchers have 
been left wishing they could see what went 
wrong. Now they may be able to, 

At the ACS meeting, chemist Chad 
Mirkin of Northwestern University in 
Evanston, Illinois, reported that his team 
has managed to create tiny particles that 
not only turn off the activity of genes 
inside cells but also send off cellular signal 
flares when they do, allowing researchers 
to instantly see whether their gene blockers 
are working or not. “It was a nice talk.” 
says Zeev Rosenzweig, a chemist at the 
University of New Orleans in Louisiana. 
Although the technique isn’t the only one 
that can be used to gauge patterns of gene 
expression, early indications suggest it 
well outperforms the competition, 

Antisense technology works by inter 
fering with the cellular assembly line that 
first converts DNA into RNA, and then 
RNA to proteins. The process can be inter- 
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rupted at different steps, but the method 
used most frequently is to introduce into 
cells DNA strands complementary to those 
transcribed from the gene. When those 
complementary strands encounter one of 
their closely related messenger RNA 
(mRNA) brethren, they bind to it and both 
are removed from the assembly line. 

Numerous techniques have been offered 
over the years for getting antisense DNA 
and RNA strands inside cells, including 
placing them inside viruses or tiny plastic 
capsules, or directly injecting them. But 
each has produced its own problems. Poly- 
mers, for example, are only modestly effec- 
tive at getting a plentiful number of strands 
inside the cell. Even if you can get anti- 
sense strands into the cells, it ean be diffi 
cult to know just how much of it is binding 
to and interrupting its targets. One scheme 
s is to add small loops of 
DNA with inactive fluorescent molecules 
attached, When the DNAs bind to their tar= 
get mRNAs, they unfurl, which activates 
the fluorescence. But these DNA loops 
don’t survive long in cells because they are 
quickly chewed up by enzymes, and intro- 
ducing them into the cell requires carriers 
that can have toxic side e' 

Last year, Mirkin’s group began work- 
ing on a new antisense technique. In the 
19 May 2006 issue of Science (p. 1027), 
they reported that they were able to coat 
gold particles 13 ross with 
dozens of identi wide 
variety of cultured 
take up the particl 
showed that RNAs in the cell would bind to 
the DNA-studded particles and strongly 
lower protein production, 

For their current work. Mirkin’s group 
improved these particles by creating 
nanoflares that report their success in sop- 
ping up RNA, The researchers start by ere- 
ating strands of DNA that are 18 bases long 
and attaching these to their tiny gold parti- 
cles. They then create complementary 
strands 10 bases long that also have a fluo- 
rescent label attached and allow the two to 
mate up. That leaves their gold nano- 
particles with dozens of these double- 
stranded complexes, an arrangement that 
inactivates the fluorescent label: 

Next, the researchers introduce the 
DNA-studded particles into the cell. If 
complementary mRNAs are present, they 
bind to the long DNA strand, because their 
ability to bind all 18 nucleotides allows 
them to displace the short DNAs. The 
ousted short strands then drift away, which 
activates the fluorescent label and sends off 
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DIPSTICK TEST FLAGS SPOILING FOOD 


you've ever wondered whether that piece of fish you bought at the market has started to go bad, 
help may soon be on the way. At the ACS meeting, John Lavigne, a chemist at the University of 
South Carolina, Columbia, reported that he and colleagues have developed a dipstick-style sensor 
that changes colorat the early stages of food spoilage in fish, “it's an interesting approach,” says 
Sean O'Keefe, a food science chemist at Virginia Polytechnic Institute and State University in 
Blacksburg. “Any type of tool like this that can be inexpensive and made in large quantities is of 
great interest to the seafood industry.” 

Food scientists ofall stripes are interested in coming up with such devices in the hope of reduc- 
ing the 75 million cases of food poisoning each year in the United States alone. Different foods gen- 
erate different chemical profiles as they begin to spoil. In tuna and many other fish, bacteria that 
begin to break down the meat chop carboxylic acid groups off amino acids, generating a wide range 
cof compounds called biogenic amines, Researchers have shown how biogenic amines, such as hista- 
‘mine and cadaverine, increase as food begins to spoil. But the analytical equipment for carrying out 
such tests costs tens of thousands of dollars, well beyond the reach of your average consumer. 

Lavigne and his colleagues suspected they could do it more cheaply with the help of polymers 
that conduct electricity. There's increasing interest in conducting polymers as sensors because the 
polymers can change their conductivity and even their color as the orientation of the polymers 
change. So Lavigne’s team started by adding carboxylic acid groups to conducting polymers to 
allow them to bind to a wide range of amines. When amines bind to these carboxylic acids, it 
prompts a shape change and a corresponding change in color as well. 

But the color change still was less than the group would have liked. So the researchers added 
copper to the solution containing the polymer. The copper causes links to form between many of 
the polymer chains. As a result, the polymers precipitate out of solution, leaving it clear, When the 
researchers then added amines, those broke some of the cross-links with the copper and forged 
bonds with the carboxylic acids, allowing the polymers to dissolve back into the solution. The 
upshot was that the researchers saw a much sharper set of color changes from red to purple 
depending on the amount and types of amines added. Adding metals other than copper up front 
also gave them different color changes, which they could use in combination to fingerprint spe- 
Cific amines being generated. 

Finally the researchers incorporated their conducting polymer material into a dipstick sensor, sim- 
ilarto those used in home pregnancy tests, and showed it was able to gauge the degree of spoilage in 
various fish samples. Lavigne says he has already begun discussions with a Michigan-based company 
to make cheap sensors that consumers can use to ensure the food they are about to eatis safe, -R.FS. 


Spotting trouble. Copper atoms cause conducting polymersto clump and fallout of solution (left), while 
adding the amine target molecules breaks the pack and causes the solution to change color (right. 


a tiny flare. At the meeting, Mirkin future. But the material didn’t show any 
reported that his team used the technique to 
track the downturn in expression of a can- 
cer-promoting gene in a cancer cell line 
known as SKBr3. 

Mirkin and others say it’s still too early 
to know whether this nanoparticle: 
plus-signal flare system has a therapeutic 


wes are never used as drugs, 
biologists still have a new multitalented 
probe that can ferry DNA into cells, light 
up mRNA binding, and regulate gene 
expression all by its 
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A Proposal for a Decade of 
the Mind Initiative 


A DEEP SCIENTIFIC UNDERSTANDING OF HOW THE MIND PERCEIVES, 
thinks, and acts is within our grasp, Such an understanding will have 
a revolutionary impact on national interests in science, medicin 
economic growth, security, and well-being. It is our belief that part- 
digm-shitfting pro; an be made now by establishing a ma 
national research i called “The Decade of the Mind.” 

A Decade of the Mind initiative would build 
on progress of the recent Decade of the Brain 
(1990-99), which dramatically increased the 
visibility of neuroscience (/), Unlike the 
Decade of the Brain, which focused on neure - 
science and clinical applications, the Decade of 


or 


the Mind initiative, by necessity, should be tr 
multi-a 
reaches across disparate fields such as cognitive science, medicin. 
neuroscience, psychology, mathema 
science. Additional important insights will need to come from areas 
as diverse as systems biole 
robotics, and automation technology 

For these reasons, we believe 
should focus on four broad, but 

1) Healing and protectis 
more than $0 million Americ 
billion (2). Itis our obligation as scientists and health 
address these social, personal, and econon 

2) Understanding the mind, Althou: 
achieved recently in brain research, a fundamental understandi 
how the brain gives rise to the mind is still lacking. Knowledg 
the mind’s inner workings will require new tools that can deeply 
probe mental processes, Research should be encouraged on aspects 
of the mind believed to be uniquely human, such as the notion of 
self, rational thought processes, theory of mind, language, and 
higher order consciousness. 

3) Enriching the mind, A better understanding of the mind will 
enrich our lives by improving our education system at all levels, 
treating mental illnesses and addictions, extending the mind to new 
skills, and educating the general public on legal and ethical issues 
involving the brain and the mind, 

4) Modeling the mind, Combining theoretical and computational 
methodologies with empirical findings will be crucial for healin; 
understanding, and enriching the mind. Large-scale brain modeling 
efforts will predict and dit 


nsdisciplinary and 


ency in its approach, Success will require research that 


y, cultural anthropology, social science, 


Decade of the Mind initiative 
tertwined areas (see figure). 
he mind. Disorders of the mind affect 
ns annually at costs exceeding $400 
e Workers t0 
ic burdens on our so 
h much progress has been 
of 


ose disorders, test treatments for 
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Medicine 
Neuroscience 
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diseases, explain brain and mind phenomena, spur development of 
novel computing architectures, and enable the construction of inte 


Why is a national Decade of the Mind initiative necessary now? 
First, rapid technological and biomedical progress of 

recent years make the present time ripe for break- 

throughs in the study of the mind, Second, su 

or will have broad and dramatic 


cess in this ende: 


cogntne tence impacts on the economy, national security, and our 
Neurocence social Well-being. Finally, to achieve success, a 
Psychology major investment in research and development will 


Pay e+ be required, with a time 
pa coomtte horizon on the order of 10 

. cognitive Science ae nee 
Hy Conese years. A Decade of the Mind 
Neuroscience initiative could achieve 
’ these goals and improve 


Computer Science Decade of the Mind. our lives and our chi 


gineering Amultidscipinary ni. «tens lives in ways we 
Muenas —Yatve to understand cainot now conceive 
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Clarifying Cougar 
Management in Oregon 


| AM CONCERNED THAT V. MORRELL'S SCIENCE 
sto be hounded” 


ei/content/full 2007/629 eel 29 June) 
may lead readers to misconstrue how the 
passage of the new law, HB 2971, affects 
cougar management in the state, 

HB 2971 does not “bring back hound- 
hunting” or “overturn” Measure 18, which 
was enacted by Oregon voters in 1994, The 
new law simply clarifies some of the ambigu- 
ity inthe original Measure 18. 

Measure 18 specifically allowed the 

Oregon Department of Fish and Wildlife 
(ODFW) to use “agents” to manage cougar 
populations, and ODFW did so in the initial 
years after the measure was passed. But the 
Department of Justice later determined that it 
$ not clear that ODFW had legislative 
ithority to appoint agents, HB 2971 simply 
kes it clear: 
The photo caption used with the article 
states that an now use ho 
when hunting cougars, Sport hunters still can- 
not use hounds. Only agents selected, trained, 
and supervised by ODFW will be authorized 
to hunt with hounds, and only when they are 
acting in official capacity to implement 
cougar r 


‘ment, 


CLAIR KUNKEL 


Acting Deputy Director, Oregon Department of Fish and 
Wildlife, 3406 Cherry Avenue, NW, Salem, OR 97303, USA. 


Characterizing 
Health Risks 


IN THE REPORT “A COMMON VARIANT ON 
chromosome 9921 afleets the risk of myocardial 
infarction” (8 June, p, 1491; published online 
3 May), A. Helgadottir et al, use relative risks 
to describe an association between myocardial 
infarction (MI) and a common sequence vari- 
ant on a specific chromosome. They conclude 
that individuals in the population homozy- 
gous for this variant have an estimated 1.64- 
fold greater risk of suffering MI than nonear- 
riers and a 2.02-fold risk for early onset MI 
cases, Although calculating relative risks and 
relative risk reduction is widely used to repre- 
sent experimental results, great care needs to 
be taken when reporting, interpreting, and 
characterizing health risks and benefits based 
primarily on relative risks. 

The authorsappearto allude to this issue in 
the last paragraph of their Report by stating: 
“However, as the relative risks are not 
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extremely high, it explains only a small frac- 
tion of the familial clustering of the disease 
and would not generate large linkage scores.” 
This cryptic sentence, however, falls far short 
of acknowledging that an understanding of 
absolute risks, absolute risk reduction, and the 
number needed to treat will be a necessary 
prerequisite to making informed decisions on 
medical intervention. 

There is general agreement in the scien- 
tific community that the exclusive use of rela- 
tive risks distorts and ofien grossly exagger- 
ates the significance of health risks and benefits 
(/-4), Absolute risk values provide informa- 
tion essential to physicians and patients alike. 
For example, hypothetically, an absolute risk 
analysis could show that 2 individuals out of 
10,000 with the variant get heart disease and 
1 individual without the variant gets heart dis- 
cease, In this case, the absolute risk reduction 
would be 0.01%, 10,000 people would have to 
be treated to observe | benefit, and 99.99% of 
people with the v 
from intervention. The increased re 
for individuals with the variant, in this hypo- 
thetical example, would be 100%, a much 
more impressive number. 

The public hears about health risks and 
benefits from many sources on a daily basis, 
Although many approaches may be scientifi- 
cally legitimate, the misinterpretation of sta- 
tistical relationships can lead to inappropriate 
risk management decisions. The scientific 
community and the public would have been 
better served if limitations regarding the rel 
vance and importance of this Report’s find- 
ings were more clearly articulated, 

ERIK RIFKIN™* AND EDWARD BOUWER? 
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Response 


RIFKIN AND BOUWER FOCUS ON THE ABSTRACT 
of our paper. where we summarized the effect 
of the discovered variant by giving its esti- 


mated relative risk, something that is rela- 
tively standard when reporting results of this 


sort. We cannot see how our statement that 
“individuals in the population homozygous 
for this variant have an estimated 1.64-fold 


Letters to the Editor 


greater risk of suffering MI than nonearriers” 
“grossly exaggerates the significance of 
health risks and benefits.” Not only do we 
believe relative risk to be a very relevant 
parameter, it is also what our study design 
allows us to estimate directly and, hence, the 
appropriate value to highlight in the abstract. 
The Letter gives a hypothetical example 
where the relative risk is twofold, but the 
absolute increase in risk is low, presumably to 
highlight that here the effect is trivial 
Although the latter might hold ses, 
itis far from being true in general. Conside! 
more concrete example. The chance of fatal 
plane crash with a major commercial airline is, 
so small that, even for a frequent flier, the life- 
time chance of being involved in a fatal acci- 
dent is still very small, The latter remains 
small even when multiplied by five, but most 
people will probably agree that itis a serious. 
matter if the chance of a fatal plane erash is, 
suddenly increased fivefold, Return to our 
manuscript and MI, a rather more common 
occurrence than a plane crash, The “eryptic 
sentence” Rifkin and Bouwer refer to was 
meant to address a more subtle issue than the 
difference between absolute and relative risks, 
Population attributable risk (PAR) of a genetic 
variant for a disease is defined as the fraction 
of cases that would be eliminated from the 
population if the risks of the carriers were to 
be reduced to that of the noncarriers, That the 
discovered variant has an estimated PAR of 
21% for MI in general makes its impact sub- 
stantial froma public health point of view. But 
PAR isnot the appropriate measure of the con- 
tribution of a variant to the familial clustering 
of the disease: it is better measured by the sib- 
ling recurrence risk ratio, 4,, In particular, if 
two variants have the same PAR, then the one 
that is less frequent but has a higher relative 
risk will have a higher A,. Also, PAR is not 
additive when multiple variants are consid- 
ered; mathematically, there could be 10 inde- 
pendent variants, each with a PAR of 50%. 
The point we tried to make is that, although 
the discovered variant has a PAR of 21% for 
ML, it does not mean that it accounts for 21% 


some 
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of the genetic component to the disease. 
However, even though PAR and 2, are distinet 
measures, they are both calculated using rela- 
tive risk instead of absolute risk. 

KARI STEFANSSON AND AUGUSTINE KONG 


deCODE genetics, Sturlugata 8, 1S-101 Reykjavik, Keland, 


Interpreting Sequences 
from Mastodon and T. rex 


]. ASARA ETAL, REPORTED THAT COLLAGEN 
proteins from well-preserved ancient fossil 
bones from a 160,000- to 600,000-year-old 
mastodon and a 68-million-year-old T: rex 
can be extracted and sequenced (“Protein 
sequence stodon and Tyrannosaurus 
rex revealed by mass spectrometry.” 13 April, 
1p. 280), Tandem mass spectrometry (MS/MS) 
is an effective sequencing method for ancient 
fossils when DNA isnotavailable. It has come 
to the original authors’ attention that there are 
concerns regarding the reported sequences 
containing glycine (G) hydroxylation, as well 
as some positions of proline (P) hydroxyl 
ation, Although nonstandard postmortem 


modifications are possible (/) and the spectra 
suggest glycine as a potential hydroxy 
site, we acknowledge alternative interpreta- 
tions that are consistent with our spectra, the 
structure of collagen, and previous collagen 
research since a-hydroxyglycine has been 
reported to be unstable (2, 3). 

on trap mass spectrometers scan very fast 
and are highly sensitive but cannot resolve 
amino acids or combinations of modifications 
and amino acids that are near isobaric 
(sume nominal mass), as stated in the original 
Report It is sometimes difficult to determine 
the precise position of a modification from 
adjacent or nearby amino acid residues, since 
MS/MS spectra often lack sufficient site- 
specific fragment ions (4). 

Hydroxylation of P to 4-hydroxyproline is 
ahighly abundant modification that stabilizes 
the triple helical structure of collagen. 
Hydroxylation also occurs toa lesser extent on 
lysine (K) residues (5, 6). In type I and type II 
collagens, these hydroxylation sites have been 
reported to exist nearly exclusively for P or K 
in the Y position of the collagen triplet repeat 

GXY- (7, 8), A singular exception, one P in 
human collagen I and Il, is X position hydrox- 


ylated to 3-hydroxyproline (9). For several 
spectra, we determined that G was hydroxy- 
lated when an alternative interpretation based 
on the same spectra could accommodate the 
more likely Y position. In another situation, we 
could not differentiate between isoleucine 
(/leucine (L) and hydroxylated proline, 
P(OH) (nominal mass of 113 Da with an exact 
mass difference of 0.0364 Da). Serine (S) 
residues adjacent to or near unmodified pro- 
line -SP- could be interpreted as alanine (A) in 
place of serine adjacent to hydroxyproline 
-AP(OH)- with the same nominal mass of 184 
Da, Alternatively, ~G(OH)A- could be inter- 
preted as ~GS-, Deamidation of asparagine 
(N) or glutamine (Q) is @ posttranslational 
modification resulting in an amino acid mass 
inerease of | Da to aspartic acid (D) and glu- 
tamic acid (E), respectively, and could not 
always be distinguished due to the ion trap’s 
resolution and mass accuracy, We have deter 
mined that one of the reported 7. ex spectra for 
the peptide GLVGAPGLRGLPGK is statisti- 
cally insignificant when searched against large 
protein databases and is a low confidence 
sequence, while the other six 7. rex sequences 
remain high confidence. Since all sequences 
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matched to a single bone protein family when 
searched against the all-taxon NCBI nonre- 
dundant protein database containing more 
than five million entries, rates of false positive 
identification were very low. 

Surprisingly, a likely altemative interpre- 
tation leads to the unique 7. rex peptide 
sequence GAPGPQGPSGAP(OH)GPK. Al- 
ternate interpretations for the collagen se- 
quences reported in the original manuscript are 
available in the Supporting Online Material 
(0), the sequences for mastodon and ostrich 
(not originally published) appear in UniProt 
Knowledgebase, and the complete list is being 
placed in a supplementary repository (fip: 
fip.ebi.ac.uk/pub/databases/supplementary), 
These alternate sequences strengthen our asser- 
tion that collagen has been sequenced from 
ancient fossil bones without contradicting well 
lished structures for collagen modifica- 
tions, In retrospect, prior knowledge of collagen 
structures would have helped to construct our 
peptide library; however, the oversight inadver- 
tently provides us assurances that genuine col- 
lagen sequences were detected, 

Overall, these possible minor sequence 
alterations do not alter our original conclusions 


that ancient collagen peptides were sequenced 
from well-preserved mastodon and T. rex fossil 
bones, and that 7: rex sequences match better to 
chicken than any other single organism of cur- 


rently known sequence. For future sequencing 


efforts, ultra-high-resolution Fourier transform 

or Orbitrap mass spectrometry technology will 

be used for acquiring precise massesand distin- 
guishing near isobaric amino acids (/ 1), 
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Reports: “The Release 5.1 annotation of Drosophila 
‘melanogaster heterochromatin” by C.D, Smith et al (15 
June, p. 1586). The afiation for ShengQiang Shu and 
Christopher}. Mungall was listed incorrectly. They are afi 
ated with Berkeley Bioinformatics and Ontologies Project, 
Lamence Berkeley National Laboratory, Berkeley, CA94720, 
USA. Inaddition, two funding sources were omitted from the 
acknowledgements note. The work in this paper was also 
supported by NIH grant P41 HG000739-15 (S.5.)and by the 
Howard Hughes Medical Institut (C.). ML). 
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“Ethanol fora sustainable energy future” by}. Goldemberg 
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Under the heading “Geothermal energy,” the value for “Total” 
should be 1.08, and the value for “Heat” should be 0.80 
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The Social Origin of Mind 


Alison Jolly 


He who understands baboon would do 
more towards metaphysics than Locke. 
Charles Darwin, Notebook M (1838), 


tapes, batteries, and video camera around 

the Okavango Delta, occasionally being 
treed by lions or warned off by elephants. You 
skulk into long grass to conceal the speaker, 
then wait and wait until the supposed author of 
the playback call is safely out of sight and the 
intended hearer facing at least 90° away. It 
may take you a whole year to complete one 
series of experiments—all with the goal of 
confusing a baboon, 

Baboon Metaphysics is the distillation of a 
big chunk of academic lives: the wife-and- 
husband team of Dorothy Cheney and Robert 


at SS 


jE asa life's work toting loudspeaker, 


Cacma baboons (Palio hamadryas ursinius) in the Okavango 


Delta, Botswana. 


farth plus a flock of their students and 
friends. It is exactly what such a book should 
be—full of imaginative experiments, metieu- 
lous scholarship, limpid literary style, and 
above all, truly important questions. Baboon 
confusion turns out to be one of the strongest 
tools available for illuminating a primate’s 
metaphysics as well as our own, What are the 
components of intelligence? How does intelli- 
gence evolve to meet the challenge of life in a 
social group? Is behavioral foresight possible 


The reviewer is at the Department of Biology and 
Environmental Science, Univiersity of Sussex, Falmer, 


Brighton BN1 996, UK. E-mail: ajolly@sussex.ac uk 
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without real empathy and without a “theory 
of mind”? How can factual information be 
communicated without langua, 
Can we impute consciousness 
to another species? Philosophers 
argue in the abstract; Cheney and E 
Seyfarth offer data. 

The “social intelligence hypo- 
thesis” proposes that the major 
influence in the evolution of 
primate intelligence has been the 
challenge of life in a social group. 
Of course an environment of fruit 
trees, floods, and lions has its own 
challenges, but dealing with the 
environment is always mediated by society. 
Primates may not be as unique as we would 
like to believe: dolphins, dogs, and pinyon 
jays have many of the capa 
ties of a baboon. It becomes 
clear, though, that human minds 
are fundamentally those of a 
social primate, Baboons offer 
insight into how we arrived at 
our own kind of mind. 
First and simplest, every 
boon knows the voices of 
everyone in the 80-strong troop, 
Each call is tagged with the indi- 
vidual's identity. If the playback 
calls sound like an ordi 
social interaction, the hearer is 
little interested, but if calls vio- 
late expectations she will look 
toward the speaker for much 
longer. If she assumes that a call 
has something todo with herself, 
she changes her behavior toward 
the supposed caller. Long suites 
of logically constructed experi- 
‘ments make it clear that baboons categorize 
others by both rank and matriline: these are 
rule-governed classes on separate axes. 
Baboons foresee others’ behavior with 
sophistication. However, they seem to lack 
empathy toward others" emotions or aware- 
ness of others’ knowledge. Cheney and 
Seyfarth write: “Baboons’ theory of mind 
might best be described as a vague intuition 
about other animals” intentions... There are 
hints that learned conti e 
explain all aspects of baboon behavior, but we 
cannot yet conclude that baboons regard other 
baboons—even tacitly—as intentional beings 
with goals, motives, likes, and dislikes.” 


reat 


Baboon Metaphysics 


by Dorothy L Cheney and 
Robert M. Seyfarth 


Are baboon: Baboons distin- 
guish clearly between “me” and “not-me” as 
the recipient of a playback call, They identify 

y with their own matriline. They join 
alliances with their own kin, but also they may 
approach and reconcile with animals their kin 


have threatened, apparently on behalf of 


the threatener, “In between-family fights, 
the baboon’s *I’ expands t0 
include all of her close kin; 
in within-family fights, it 
contracts to include only her- 
{ self. This explanation serves 
for baboons as much as 
for the Montagues and 
Capulets.” For a baboon 
to place herself within the 
group's social network, “she 
would seem to need some 
image of herself as a unique 
social being, distinet from all 
others and characterized by a unique set of 
relationships with particular others, 
Cheney and Seyfarth note several aspects 
of the “syntax of social knowledge.” 


S0 


hly specific about a p 
ular sort of predator or about a particular 
individual, Social knowledge has diserete values: 
a move grunt is notan infant grunt, Itis hierar 
chically structured (1 would rather say catego- 
rized) according to rank, matriline, and other 
attributes of the er, It is rule-governed 
xd open-ended, leading to “a cognitive sys- 
tem that allows animals to comprehend a huge 
number of messages from a finite number of 
ignals. If'a baboon understands that Sylvia 
threat-grunts and Hannah screams [life 
as usual] carries a different meaning from 
Hannah threat-grunts and Sylvia screams 
Shock! Horror!], she can make the same 
judgement for all possible pairs of individuals 
in the group, including any new individual 
who may join.” Lastly, knowledge is proposi- 
tional and independent of sensory modality 
The knowledge obtained from playbacl 
alone is similar to actually seeing an inte 
tion. This allows interpretation of sounds a 
dramatic narrative: “Sylvia is threatening 
Hannah and causing her to scream 
The authors conclude that the syntactic 
properties of language originated in the 
structured knowledge necessary for a highly 
social primate. One widely quoted view of 
language origins is that proto-language, like 
pidgin dialects, lacked syntax (/), On the 
contrary, argue Cheney and Seyfarth, a 
propositional interpretation of calls in our 
own ancestors must have preceded the evolu 
tion of human language. 
Humans, even very 


‘oung children, are 
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unlike all other primates in our urge to share 
knowledge and (except for autists) our huge 
empathy with others. Cheney and Seyfarth 
embed the evolution of language deeply into 
human “theory of mind” along with tool use 
and our eventual conquest (or disruption) of 
the environment, In this view, social intelli- 
gence was what got us to being as bright and 
complicated as baboons—and what has taken 
us still further, into becoming humanity. 

I might suggest, though, that there is 
a brand new evolutionary pressure in the 
Okvango Delta: outwitting alien scientists. 
‘Watch out for Sylvia's Okavango Troop if they 
ever catch on to Cheney and Seyfarth! 
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HISTORY OF SCIENCE 


The Productivity of 
Prediction and 
Explanation 


Matthew L. Jones 
saae Newton famously eschewed “fram- 
[= hypotheses” about the causes of grav- 
ity in favor of demonstrating a mathemat- 
ical relation common to free 
fall on Earth and the motion 
of celestial bodies, Newton's 
refusal to explain the natureof fil 
gravity dismayed many con- 
temporaries, who saw him 
icing the intelligibility 
of the world for 
prediction of effects, Newton's 
mathematical account of grav- 
ity became a model for a new 
kind of scientific intelligibil- 
ity, one where empirically grounded and pre- 
dictive mathematical accounts of the relations 
among things were preferred to causal, but 
empirically underdetermined, explanations. 
Accepting Newton meant appreciating how 
his mathematically framed and empirically 
justified generalizations might provide the 
best account of the world we can have—the 
best kind of sense we can make of the world. 
Recent debates over the value of string the- 
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ory underscore how central the contest among 
different ways of making the world intelligible 
remains in modern science. Such debates 
involve the very definition of science, the 
proper activities of its practitioners, and 
concrete questions about who ought to be 
funded and hired, and who not. Written 
for a nonspecialist audience, Peter Dear’s 
The Intelligibility of Science argues that such 
prescriptive debates within science are inte- 
gral to its development. The classic story of 
Newton provides the early turning point in 
Dear's concise and ambitious essay. Ranging 
from Aristotle and Lavoisier to Maxwell and 
Danwin and from Descartes to Einstein and 
Bohr, Dear portrays the development of mod- 
ern science through the shifting accounts of 
What it means to make nature intelligible. 

Dear (a historian of science at Cornell 
University) distinguishes science as natural 
philosophy, an account of what the world 
really isand how it works, from science as an 
instrumental tool, a collection of techniques 
useful for making predictions about the 
World and for changing it, This division 
draws upon perhaps the oldest chestnut of the 
philosophy of science, the debate between 
lism and instrumentalism. Dear illustrates 
that a productive, unresolved, ever-changing 
tension between realist and instrumental 
aims best characterizes the distinctiveness of 
modern science, its epistemic and instr 
mental efficacy, and its social and intelle 
tual authority. 

Itis easy to recount the history of science 
after Newton as something 
like a long series of at- 
tempts to restrain the use 
A of the imagination and the 
production of overly clever 
explanations, In such a 
view, science depends on 
the sober consideration of 
data, not the creation of 
speculative accounts that 
could conceivably explain 
that data. More true to the 
diversity of scientific effort, Dear’s account 
tacks between advocates of great empirical 
restraint and advocates of greater imagin: 
tive flight in causal explanation. Dearshows 
the importance of a certain will not to know, 
or rather, a will not to attempt to know the 
real nature of things in the development of 
numerous scientific disciplines. He likewise 
shows the importance of resistance to such 
epistemic modesty. For every Lavoisier who 
counseled against speculation about causes 
in favor of a focused collection of the physi- 
relationships revealed through painstak- 
ing experimentation, there was a Priestley 


lity of Nature 
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who insisted on attempting to know about 
the things themselves; for every Newton 
eschewing hypotheses, a Cartesian insisting 
on their importance. Science benefited from, 
indeed was constituted by, this ever-unre- 
solved contest over the intelligibility appro- 
priate to learning about and manipulating the 
natural world, Just as much creative and 
productive 18th-century science came from 
abandoning a quest for causal, mechanical 
models, much creative and productive 19th- 
century science involved searching for suffi- 
ciently sophisticated models, 

As Dear covers many fields ina few pages, 
historians and philosophers will have some 
qualms, The starting point of the narrative 
comes a bit late and too far to the west: the 
‘enormously fruitful debates over the status of 
the physical and predictive in Islamic astron- 
omy, which found their way to Nicolaus 
Copernicus, deserve some discussion, The 
instrumental turn in 17th-century natural 
philosophy likewise had deeper roots in 
alchemy and chemical practice, with a partic- 
ular Aristotelian sanetion, than found in this, 
account, A slightly more formal and detailed 
exposition about the sort of intelligibility 
offered by the new mathematical tools of 
Newtonand Maxwell, designed to fit, capture, 
and illuminate the phenomena of natural 
world, would enhance Dear’s case. 

Dear’s position rests on a historically 
informative blurring of the category of instru- 
mentality, His instrumentality includes both a 
narrow sense, the predictive powers of a the- 
ory, and a broader one, the capacity of a scien- 
tific theory (and its associated experimental 
techniques and apparatus) to change the world, 
Dear well demonstrates that two aspects of 
instrumentality were and remain muddled in 
modem science, Studies developing his posi- 
tion should closely track the changing inter- 
actions of these two instrumentalities with the 
demands of intelligibility. 

Dear weaves together a great deal of aca- 
demic history of modern physics, chemistry, 
and biology into a concise, coherent, and orig- 
inal narrative that is introductory without ever 
being superficial. Readers will come away 
both with a narrative of some highlights of sci- 
entific development and an illuminating argu- 
ment underlying that narrative, a potent way 
of thinking about modem science more gener 
ally. Philosophically minded readers will be 
inspired to seek a more formal account of 
imelligibility than appropriate here: histori- 


cally minded ones a deeper inquiry into the 


contingencies and details necessarily omitted, 
All will be guided by the insightful and up-to- 
date bibliographic es 
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SCIENCE AND SOCIETY 


On The Road to Academic 
Greatness—A Parable 


Daniel S. Greenberg 


he swift ascent of the University of 
Avarice from obscurity to prominence 


‘was a seminal event of higher educa 
tion in the second decade of this century. The 
transformation was the work of an innovative 
leader in university affairs, Dr. Grant Swinger. 
As provost of a leading university, Swinger 
had long been prized by academic head- 
hunters. Offered the Avarice presidency, he 
promptly accepted and received marching 
orders to achieve national recognition for the 
little-known institution, 

Renowned in his previous position as the 
founder of the Center for the Absorption of 
Federal Funds, Swinger brought to 
the challenge boldness, acumen, 
and energy. Confident and decisive, 
he inspired trust through his leader- 
ship abilities and scholarly attain- 
ments, Early in his career, he 
‘was the recipient of the prest 
Ripov Prize, annually awarded to 
the principal investigator holding 
the most concurrent grants. Other 
honors established him as a high 
chiever in the linkage of science 
and academe, 

Before Swinger’s arrival, U Av, as it’s 
known, had briefly attracted attention for the 
body parts scandal at its School of Mortuary 
Science, which partnered with the Schoo! of 
Business in teaching entrepreneurship to stu- 
dents and faculty. The episode was settled out 
of court in an agreement that provided 
unspecified payments to bereaved relatives 
(By agreement of the parties, court records, 
were sealed, but this did not prevent a super- 
market tabloid from reporting the case in an 
article titled “On the Trail of Granny's 
Femur”) Otherwise, U Av existed in an aca- 
demic nether zone, along with numerous insti- 
tutions that never register on the popular 
charts of university ranking: 
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Barely settled into office, Swinger made 
national headlines by announcing a record- 
breaking fund-raising goal, an astonishing 
$10 billion. The figure was more than double 
the previous high mark, set by Stanford, a 
renowned magnet for donations. Swinger 
told a press conference that the money would 
be “invested in excellence to meet the chal- 
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lenges that confront our nation and the 
world.” Appointment of “distinguished fac- 
ulty and concentration on urgent national 
problems” would have priority. He also dis- 
closed that U Av would terminate employ- 
ment of adjunct teaching staff “because of the 
financial and professional insecurity of their 
positions.” Replacements would come from 
the graduate students’ ranks, “thus providing 
the next generation of academics with valu- 
able teaching experience.” 

The New York Times reported Swin; 
in an article headlined 
“Upstart U Reaches for the Stars—and the 
Big Bucks.” Inquiries about the progress of 
the fund-raising drive were declined by U Av's 
rapidly expanding Office of Public Affairs as 
“premature, incompatible with privacy regu- 
lations, and potentially harmful to promising 


announcements 


Don't underestimate the power of greed in the 
halls of science. 


discussions with prospective donors.” 
UAvnext came to public attention with an 
announcement of record-breaking tuition and 
fees—$100,000 per academic year, surpass- 
ing the prices of the brand-name schools. 
Applications for admission soared, earning 
the heretofore obscure institution its first 
notice in the coveted rating of U.S. News & 
World Report. “Hot newcomer” reported 
the acclaimed bible of academic rankings. 
Swinger accompanied the tuition increase 
with another headline-winning announce- 
ment: Tuition would not only be reduced or 
eliminated for students from families with 
modest incomes, but forthe seri- 
ously impoverished, the univer- 
sity would provide payments 
to the students’ families to 
compensate for earnings they 
might have provided. “We 
must be cognizant of today’s 
economic realities,” Swinger 
explained, NBC [the Nat- 
ional Broadcasting Corporat- 
ion} hailed Swinger as “the 
bold leader of a new genera- 
tion of academic statesmen, 
visionary in outlook, sensitive 
to individual and national needs, 
and determined to make a differ- 
Inquiries about implementation of the 
tuition arrangements were dismissed as 
potential violation of privacy regulations, 
The second year of the Swinger presi- 
dency brought another innovation to U 
Av—the founding of a major research fi 
ity, the Hugo First Institute for Human 
Experimentation, designed, Swinger ex- 
plained at a ground-breaking ceremony, “to 
focus on “transtational research,’ the formida- 
ble gap between basic science and bedside 
treatment.” Noting that NIH had assigned a 
high priority and significant support for this, 
type of research, Swinger vowed that the new 
institute would be “a leader in assuring the 
efficacy and safety of new treatments for the 
American people.” Referring to Institutional 
Review Boards (IRBs), Swinger observed 
that “as often as they protect patients, they 
also get in the way of medical progress and 
constructive relations between academic 
institutions and industrial organizations. ACU 


ence. 
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Av” he said with a flourish, “IRB stands for 
something else: Here, it means “Industrial 
Research Buddy.” Buttons and T-shirts bear- 
ing those words were distributed to all labora- 
tory staff, and a similarly inscribed banner 
was hung on the biochemistry building. The 
Wall Street Journal editorialized that “the 
refreshingly straight-talking Dr. Swinger 
looks likea good prospect for taking the helm 
of the benighted FDA [U.S. Food and Drug 
Administration] and steering it into the obliv= 
ion that it so richly deserves.” 

U Av’s growing prominence took a still 
xreater leap forward with an agreement with 
a major pharmaceutical firm that provided 
for company support of research in U Avs 
laboratories, clinical testing of the firm’s 
products at the Hugo First Institute, and 
patent sharing of promising developments, 
Financial and other details were withheld 
from public disclosur 
plained, “in compliance with priva 
tions and the need to protect proprie 
information in joint pursuit of therapeutic 
benefits for the American peopl 
later revealed, Swinger became a paid con- 
sultant for the company and, along with sev- 
eral members of the institute, received stock 
options in the firm, For strengthening the 
linkage between research and commercial- 
ization, senior members of U Av’s technol- 
ogy transfer office were given tenured pro- 
fessorships. Initially, U Avs pharmaceutical 
partnership went smoothly, resulting in sev- 
eral promising patents and spin-offs. 

But then, from the teeming ranks of pe 
petually malcontent graduate students, post- 
doctoral fellows, idle former adjunets, and 
other ingrates, several went public with a 
variety of grievances, Shielded by protec 
tions for so-called whistle-blowers, they 
risked nothing, The most damaging allega- 
tions contended that the Hugo First Institute 
routinely fabricated reports of clinical trials 
based on nonexistent experimental subjects; 
that, in rare cases when trials were con- 
ducted, “results” were written up before 
experimental drugs were administered: and 
that research papers reporting the fraudulent 
trial results were routinely prepared by the 
sponsoring firms and published under the 
names of U Av researchers. The com- 
plainants told tales of eradication of disap- 
pointing data and drug sales pitches at con- 
tinuing medical education programs by U Av 
faculty on the company payroll. 

Promptly pledging “full and complete 
transparency.” Swinger announced creation 
of a “blue-ribbon, independent inquiry.” 
Following several closed-door meetings. the 
inquiry concluded that the allegations were 
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“wholly without merit” Data corroborating 
the finding would not be made public, Swinger 
exphined, in conformity with privacy regula- 
tions and the need to protect proprietary infor- 
mation. To soothe feelings on campus, 
‘Swinger called for “an intergenerational dia- 
logue concerning the new world of science,” a 
move that won plaudits for leadership. 

As controversies over the Hugo First 
Institute receded, a new difficulty arose. A 
student on work-study assignment in the U 
Av development office during the staffs 
lunch break answered a telephone inquiry 
from a reporter conceming progress toward 
the $10 billion fund-raising goal, The stu- 
dent, untutored in dealing with the pre 
helpfully explained, “They haven't gotten 
anything yet. They're complaining all the 
time”—comments that were published, with 
insinuations of setbacks in U Av’s progress 
toward national standing. Calling a press 
conference, Swinger earnestly pointed out 
that “major fund-raising is not an overnight 
process, and is not amenable to penny-by- 
penny counting.” Attempts to contact the stu- 
dent who had spoken injudiciously brought 
the response that she was “no longer on cam- 
pus.” while reporters were discreetly advised 
that further information might be obtained 
from the university's mental-health clinic. 

Though the Swinger administration was 
deeply troubled by these adversities, the 
glow of success remained undiminished, 
leading the various published rankings of 
academic quality to post even higher rating 
for U Av, “Look out, Ivies,” U.S. News & 
World Report declared. Grant Swinger had 
not achieved success by ignoring reality. U 
‘Av wastaking on water, and he alone knew it. 
Thus, when a distinguished search commit- 
tee approached him as a possible candidate 
for heading the new permanent National 
Commission on Scientific Integrity. Swinger 
didn’t say no, Instead, citing the inviolability 
of his vow to shepherd U Av to national 
greatness, he expressed appreciation for the 
proffered position. When urged to consider 
the needs of the nation, he modestly noted his 
relatively brief tenure at U Ay, telling the 
aroused recruiters, pethaps at another time. 
Now ecstatic about the man in their sights, 
the committee overcame his resistance. 
Expressing deep regret, Swinger informed 
the U Av trustees that “my sense of responsi- 
bility to the nation’s scientific enterpri 
compels me to accept the challenge that has 
been thrust upon me.” 

Meanwhile, U Av’s jilted trustees won- 
dered: When all was going so well, why 
would their prize president jump ship? As 
first step, they ordered an audit in expect 


POLICYFORUM b 


tion of finding a solid financial base that 
would help attract the next leader for the 
climb to national prominence. Alas, the audi- 
tors’ report was bleak: the $10 billion cam- 
paign had not yet covered its expenses; appli- 
cations for admission had indeed risen, but in 
the absence of funds for financial aid, enroll- 
ments were down. 

Other difficulties emerged. Carrying their 
allegations to Washington, the aggrieved 
graduate students and others received a warm 
reception on Capitol Hill, leading to an inv 
tigation of the Hugo First Institute. Pending 
the outcome, NIH prudently froze all grants 
at the institute. At the same time, the firm col- 
laborating with the institute, fearing for its 
reputation in the drug marketplace, invoked 
its contractual right to withdraw from the 
relationship, taking with it all intellectual 
property and several items of costly scientific 
apparatus, The firm's general counsel re~ 
minded his U Av counterpart thatall dealings 
between the two organizations were protected 
by nondisclosure provisions. 

Though busy at his new position, Swinger 
maintained a careful watch on events at U Av. 
Thus, he was not surprised by an urgent 
requestto meet with the chairman ofthe com- 
mission's board of trustees. The meeting was 
brief and ended with the understanding that 
Swinger would be able to review the press 
release announcing his resignation, 

ALU Ay, following a series of interviews, 
the trustees were particularly impressed by 
the professional credentials and demeanor of 
‘one candidate, In contrast to Grant Swinger's 
take-charge persona, she projected a calm 
self-assurance. Still recovering from the 
Grant Swinger experience, the trustees were 
especially reassured when, asked for her phi- 
losophy of governance, she thoughtfully 
reflected for a moment, and then replied: 
“Don’t underestimate the power of greed in 
the halls of ience or the wholesome 
presence of altruism and self-respect. And 
don't overlook shame and embarrassment 
as forces for good behavior in scientific 
affairs” (/). 

The trustees reacted favorably to this sage 
formulation, though one of them fleetingly 
thought he had previously encountered those 
words, perhaps in a recent book. But he 
joined with his colleagues in offering the 
presidency to this outstanding candidate, 
who promptly and graciously accepted. 
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PLANETARY SCIENCE 


The Case of Saturn's Spin 


Morris Podolak 


lanet formation theorists, like dete 
tives, have to gather clues and put them 
together to explain an event that hap- 
pened in the past. Sometimes the clue is so 
subtle that it requires a chain of re 
see how it contributes to unraveling the mys- 
tery. As Sherlock Holmes said, “It has lon 
been an axiom of mine that the little things are 
infinitely the most important” (/). The work 
reported by Anderson and Schubert on p. 
1384 of this issue is a case in point (2), These 
authors have found that Saturn rotates some- 
what more quickly than had been thought 
This apparently minor result may have pro- 
found implications for our understanding of 
giant planet origins. 
The early solar system b 
around th 
tion of the giant planets seem possible, One 
scenario, the core aceretion hypothesis (3) 
argues that the solids in the outer solar system. 
in the form of pk 
accreted into a planetary core on the order of 
15 Earth masses. Such a massive core could 
then attract a large amount of hydrogen and 
helium from the surrounding disk to form a 
gas giant planet, Although some of the core 
might be mixed back into the acere 
it collapsed onto the planet, we would still 
Jupiter and Saturn to have cores on the 


nas a gas disk 
warios for forma- 


Sun, and two seer 


netesimals, were gradually 


exper 
order of 10 Earth masses. 

The other scenario, the disk instability 
hypothesis (4), argues that the g 
was unstable and that density fluctuations 
jarge enough that some portion of the 
disk collapsed under its own gravity. This col- 
lapsing clump would eventually evolve into a 
gas giant planet, Some of the solids that were 
in the gas would eventually settle into a core 
(5), but that core is expected to be small, on 
the order of a few Earth masses. 

Although most theorists favor the core 
aceretion scenario, both hypotheses have 
strengths and weaknesses. One possible way 
to resolve the issue is to investigate the struc 
ture of the two gas giants in our solar system. 
Are the cores of Jupiter and Saturn closer to 
15 Earth masses or to zet To answer this 
question, we have to model the internal struc- 
ture and composition of these planets, 


became 
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as disk itself 


Core issues. Jupiter is three times as massive as Saturn, so the pressures in 
wch higher than those in Saturn, and the material there is 
more compressed. As a result, Jupiter and Saturn have nearly the same radius. 
Here, the planets are shown at sizes relative to their uncompressed density to 
stress the difference in core mass. Thus, Jupiter (top) appears larger than 
Saturn (bottom), and Saturn's 20-Earth mass core (dotted circle) appears to 
have roughly 1.6 times the radius of Jupiter's S-Earth mass core. 


its interior are 


The standard approach is to 
sonable composition with some free parame- 
ters. Typically, oneassumes that thereisa heavy- 
element core of undetermined mass (one free 
parameter), surrounded by an envelope of 
yen, helium, and some fraction of heavier 
material mixed in (a second free parameter), 
The det 


assume a rea 


Jot very sensitive to the exact 
choice of additional heavy material, but this too 
adds freedom in fixing the composition. The 
pressure inside the body can be computed by 
thatat each depth the pressure exactly 
balances the weight of the overlying layers. 
There is good reason to believe that the 
envelopes in Jupiter and Saturn are convecting. 
so that the temperature gradient follows an adi- 
abat (i.e... sequence of changes in pressure and 
temperature but with no heat exchanged). Thus, 
if the temperature at, say, the I-bar pressure 
level is known, the temperature throughout the 
envelope can be determined. All that remains is, 
touse the best physicsavailable to determine the 
density of the material, given its pressure and 


Is are 


assum 


Saturn's rotation period is shorter than 
previously thought, which may have important 
consequences for understanding how the 
giant planets formed. 


temperature. In this way, the density can be 
found as a function of depth. 

One of the free parameters can be fixed by 
he mean density of the planet tomatch 


fore: 


the observed value, but the others are harder to 
tie down, Because Jupiter and Saturn rotate 
rapidly, they have a pronounced oblateness, 
This departure from a spherical shape means 


that the gravitational potential of these planets 
differs slightly from the usual 7“! law (where r 
is radius), The strength of the potential at a 
fixed distance from the center will vary as the 
angle from the spin axis 


changes, The dependence 
on this angle is expressed 
by a series of coeffic 
called. gravitational mo- 
ments, These 
can be measured by fol- 
lowing the motion of a 
satellite in the planetary 
gravitational field, They 
can also be computed 
from the internal density 
distribution and the rota- 
tion rate of the body 
Because of uncertain- 
ties in the composition 
and in the pressure-de 
high 
pressures, there are a num 
ber of “reasonable” density distributions that 
fit the observed parameters for Jupiter, and 
there is some ambiguity as to what the size of 
Jupiter's core really is. The evider 
however, to point toa core of between 0 and 5 
Earth masses (6), This presents a difficulty for 
the core accretion hypothesis, but not for the 
disk instability hypothesis (7). The problem is, 
With Saturn, The same models that predict a 
small core for Jupiter (with rather lange error 
bars) predict a core of some 10 to 20 Earth 
masses for Saturn, and itis not at all clear why 
there should be such a large difference. 
Theorists have tended to set aside this piece of 
information because they are not sure how it 
fits into the whole picture 
Determining the rotation rate of a gaseous 
planet is difficult, and previous assessments 
‘were based on measurements of the magnetic 
field (8, 9). On the basis of data from the 
Cassini, Pioneer, and Voyager missions, 
Anderson and Schubert argue convincingly 
that Saturn’ rotation period is about 7 mi 


nts 


moments 


sity relation at very 
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less than the earlier value. This faster rotation 
rate means that to fit the observed gravita- 
tional moments, the internal density distribu- 
tions computed for Saturn must be revised. 
The core mass will most probably be reduced, 
itcloserto that of Jupiter (see the fig~ 
ture), The extent of this reduetion will depend 
on the details of the physies. 

Saturn’s mass is only one-third that of 
thus, itis likely that the secondary 
es that have been suggested to reduce 


the size of Jupiter's core in the core accretion 
scenario, or to form the core in the disk insta 
bility scenario, might be different enough 
between the two planets to explain the diffe 
ence in the size of their cores. Perhaps we will 
even be able to use this information to help 
decide between the two hypotheses, Like 
Sherlock Holmes, I hesitate to speculate too 
much before having the facts. In view of this 
new data, planet formation theorists should sit 
up and take notice. 
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CELL BIOLOGY 


The Stress of Relaxation 


H. Criss Hartzell 


xidants and free radicals, according to 
of our existence. They include super- 
oxides (O,), hydroxy! radicals (OH"), and 
peroxides (H,O,), collectively called “reactive 
igen species” (ROS). These molecular 
the by-products of mitochondrial 
metabolism—corrode molecules by snatch- 
ing their electrons, They are blamed for caus- 
ing cancer, heart disease, Alzheimer’s disease, 
and old age (/), Yet in a reversal of the view 
that has dominated since the 1950s, we have 
come to appreciate that ROS play essential 
roles in healthy cell signaling. On page 1393 in 
this issue, Burgoyne ef al, (2) show that oxida- 
tion activates a key enzyme that causes blood. 
vessels to relax, This finding raises a paradox: 
Why, if oxidation can relax blood vessels, is 
oxidative stress associated with hypertension? 
Vascular smooth muscle cells contract 
using filaments of actin and myosin molecules. 
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Connective tissue 


Smooth muscle 


Vascular relaxation. The enzyme PKGlex phosphorylates 
multiple targets (two shown here) when activated by 
CGMP or oxidation. These events result in relaxation of 
smooth muscle cells in the blood vessel wall. 
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Hormones and neurotransmitters control 
muscle tone by affecting the phosphorylation, 
state of myosin (see the figure) (3, 4). Vaso- 
constrictors, such asangiotensin I, increase the 
concentration of cytosolic nions (Ca®*), 
which activates an enzyme (myosin light chain 
kinase) that phosphorylates myosin. Also, an 
enzyme (myosin light chain phosphatase) 
that dephosphorylates myosin is inhibited, 
Vasorelaxants, such as acetylcholine, have the 
opposite effects. Protein kinase G (PKG) is 
a pivotal enzyme in vasorelaxation (3). The 
PKG. isoform studied by Burgoyne et al, 
a panoply of substrates, ulti- 
myosin phosphorylation, 

How is PKG activated by vasorelaxants? 
The best-understood pathway involves endo- 
thelial nitric oxide synthase (eNOS), which 
generates nitric oxide (NO). This gaseous mol- 
cule diffuses from the endothelium to vascular 
smooth muscle and activates cytosolic guanyl- 
ate cyclase, thus triggering the production of 
guanosine 3’,5'-monophosphate (cGMP), 
which activates PKG, The new mechanism 
proposed by Burgoyne ef al. involves oxida 


Vasorelaxant 
nd neurotransi 


Two modes of activation explain how an 
enzyme controls blood vessel responses 
to oxidative stress, hormones, and 
neurotransmitters. 


tion-mediated PKGIa. dimerization, The au- 
thors noted that H,O, relaxes aortic rings and 
that relaxation correlates with dimerization 
(and hence, activation) of PKGIa. H,O,-medi- 
ated dimerization de utvin 
PKGlo. for substrat 
tion of PKGla. increases the maximum veloc- 
ity of substrate phosphorylation. More impor- 
tantly, Burgoyne er al, noted that H,O, st 
lates numerous downstream  vasorelaxant 
events including decreased myosin phosphoryl- 
ation. Thus, H,O, is worthy of being an impor- 
tant relaxation signal, 

Many proteins are affected by their redox 
states, but the physiological relevance is 
unclear, partly because high concentrations of 
oxidant are often used, Although tissue con- 
centrations of H,O, are not known, PKGIa. is, 
activated by 100 1M H,0, (2), which is proba- 


bly physiological, The best-documented tar- 


gets for ROS are protein tyrosine phosphatas 
(5, 6), whose enzymatic activity is abolished 
by oxidation of a cysteine residue in their 
ion is stimulated by 
growth factors whose receptors trigger H,0, 


ive sites. This oxi 
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production via Nox [NADPH (nicotinamide 
adenine dinucleotide phosphate, reduced) oxi- 
dase] enzymes (7, 8). The eysteine is suscepti- 
ble to reversible oxidation because a nearby 
arginine lowers the p&;, (acid dissociation con- 
stant) so that the cysteine is in the thiolate 
form. Interestingly, PKGlet Cys*is flanked by 
basic residues that might also lower its pK, 
Endothelium-dependent relaxation in- 
volves several molecules besides NO. One of 
these, endothelium-derived hyperpolarization 
factor, relaxes muscle cells by opening Cae 
activated K’-channels (BK). This hyperpo- 
larizes ising voltage-gated Ca" 
channels to close. It has been supposed that 
this relaxing factor may be H,O, (9). The 
observation of Burgoyne ef al. that PKG 
mediated phosphorylation of the BK, chan- 
nel is stimulated by H,O, may strengthen the 
H,0,-endothelium-derived.hyperpolatiza- 
tion factor link, 

A major question is which vasorelaxants 
use HO, signaling. Burgoyne et al. show that 
insulin may use this pathway, but the amount 
of PKGla: dimerization is insufficient to 
fully explain insulin-induced vasorelaxation, 
Another question is which enzymes generate 


relaxant H,O,. Although Nox enzymes are the 
main source of ROS in the vasculature (/0), 
Nox-produced ROS are associated with 
increased blood pressure, not vasodilation, 


Evidence points to angiotensin Il as the chief 


culprit: Infusion of mice with angiotensin II 
stimulates Nox, increases ROS, and produces 
hypertension (10-12). 
If ROS is associated with hypertension, 
how, then, can we explain the observation 
that H,O, can produce vasorelaxation? There 
is a simple, but plausible answer: All ROS 
are not equal. Four different Nox isoforms 
are expressed in different subcellular loca- 
tions in the vasculature (/0), and produce 
ROS with different properties. Although Nox 
enzymes generate O,-, O; dismutates to 
H,0,. Compartmentalization is probably the 
key: Targets must be close to the site of O,- 
generation, because O,~ has a fleeting life- 
time 
targets are less restricted because H,O, has & 
longer lifetime and is membrane-permeant, 
At least part of the vasoconstriction can be 
explained by destruction of NO by extracel- 
lularly generated O,~. By contrast, H,O, may 
be generated within the muscle, conveniently 


located near its intracellular target, PKGI«t, 

There is also another way out of the para- 
dox. Endothelial NOS can generate O,- and 
H,O, under certain conditions, resulting in 
vasorelaxation (/3). This could provide a 
mechanism whereby the diffusible products 
generated by NOS switch between NO and 
H,0,. That, of course, raises the question of 
how the switch may be regulated. 
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PHYSICS 


Heavy Fermions in the Original 


Fermi Liquid 


Christopher A. Hooley and Andrew P. Mackenzie 


hysicists have long been fascinated by 
Pesiiscs fermion materials(/,2), 
in which the electrons act as though 
they had put on a lot of extra mass. Some of 
these compounds are also superconductors, so 
extracting the secrets of heavy fermions may 
yield insights into high-transition tempera- 
ture superconductivity and other open ques- 
tions. On page 1336 of this issue, Neumann er 
al, (3) report heavy-fermion behavior in an 
unexpected setting: two-dimensional layers of 
3He adsorbed on a graphite surface. Their 
experiments raise the prospect of studying 
heavy-fermion physics in a quite different 
context, hopefully shedding new light on an 
old and fundamental puzzle, 
The 3He atom is a fermion (that is, a quan- 
tum particle with half-integer spin, like elec- 
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trons themselves). When gaseous *He is cooled 
at atmospheric pressure, it iquefies at 7 = 3.2 
K and remains liquid down to T= I mK, where 
it undergoes a superfluid transition (4). It is, 
therefore unique in the periodic table: the only 
fermionic liquid at temperatures where quan- 
tum effects become important, Measurements 


{1 tt 


The Kondo effect. (Left) When a magnetic impurity (red 
_arron) is embedded in a Fermi liquid (quasi-particles repre- 
sented by black arrows), it acts at high temperatures like a 
strong magnetic scatterer. (Right) At low temperatures, a 
spin singlet state forms with quasi-particles from the Fermi 
sea. This reduces scattering and incorporates the magnetic 


impurity electron into the heavy-fermion liquid, 


In some complex materials, the electrons 
appear to be unexpectedly heavy, Helium 
atoms show similar behavior in much simpler 
films of hetium-3, 


of the properties of bulk liquid *He in the 
1950s revealed that the low-temperature 
behavior of the liquid was remarkably similar 
to that predicted theoretically fora gasof weakly 
interacting fermions. This is surprising, be- 
‘causeat the densitiesof liquid helium, the inter- 
atomic interactions ought to be rather strong, 
This riddle was resolved by Landau 
(5-7), who argued that the reason for 
the similarity was that something was 
behaving like weakly interacting fermi- 
| just wasn’t the original atoms, 
ymething” is now called a quasi- 
particle—a collective excitation that 
retains some of the properties of the 
original atom (e.g., it behaves like a 
spin- fermion) while having oth 
modified (it can have a much different 
mass), The description of the residual 
interactions between these quasi-pat 
cles—which determine the properties 
of the liquid—was the vital ingredient 
of Landau’s Fermi liquid theory. 
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Although originally developed for He, 
Landau’s theory has made an even greater 
contribution to understanding electronic lig- 
uuids in metallic solids. Its predictions account 
for the properties of'a vast number of metals, 
but researchers have discovered in recent 
decades some special materials that, although 
metallic, do not conform to the theory. These 
have become known as non-Fermi liquids, 
and the possible origin of such states hi 
become the subject of intense research (8). 

One known source of non-Fermi liquid 
behavior is proximity to a quantum eritical 
point (QCP), This is a point where the system 
undergoes a continuous. zero-temperature 
phase transition, as a function of some non- 
thermal tuning parameter p (which could be 
pressure, magnetic field, chemical doping, 
ete.) (9), Such transitions are often driven by 
competition between two types of interaction 
that favor different ground states, the balance 
between them being altered by tuning p. 
Around the QCB. in a region that can extend 
Up to rather high temperatures, the properties 
of the metal are rendered anomalous by the 
presence of strong fluctuations between the 
competing states. 

A much-studied realization of this phe- 
nomenon is in the heavy-fermion compounds 
(2). In these materials, electrons on rare-earth 
ions have a strong tendency to localize, while 
the remaining outer electrons form a condue- 
tion sea distributed throughout the material, 
Thus, the system is essentially a Fermi liquid 
interacting with localized spins, and two ef- 
fects compete for dominance (/, /0). 

One is the Kondo effect, which occurs 
‘when the conduction sea sereens the spin of 
each rare-earth ion as the temperature is low- 
cred (see the figure). At low temperatures, the 
resulting state isa “heavy Fermi liquid”—a 
state that obeys Landaw’s theory, but with a 
fective mass up toa thousand 
times that of the bare electron. 

The second competing interaction is the 
Ruderman-Kittel-Kasuya-Yosida (RKKY) 
effect, Neighboring spins interact via waves in 
the conduction sea, tending to make them 
align or anti-align depending on the details of 
the crystal structure, The resulting state is an 
ordered magnet, with the local moments on 
the rare-earth ions coupled only weakly to the 
conduction sea. 

Neumann ef al. report something truly 
remarkable: the observation of this competi- 
tion, complete with QCP, in a system actually 
made from 3He atoms. They created a two- 
dimensional bilayer, with the upper layer play- 
ing the role of the conduction sea and the lower 
layer roughly that of the spins. In this case, cov- 
erage (the total two-dimensional density of 
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3He atoms in the bilayer) is the tuning parame- 
ter p. The low-coverage state appears to be a 
single-component Fermi liquid, analogous to 
the heavy Fermi liquid in the traditional 
The high-coverage state consists of two decou- 
pled layers, one of which is in some way mag- 
netic (/) while the other forms a Fermi liquid. 
analogous to the magnetically ordered state in 
the rare-earth version, 

Although the main achievement of Neu- 
mann ef al. is to bring non-Fermi liquid 
physics back to the prototype Landau system 
in He, perhaps the most intriguing feature of 
their data isan intervening phase that cuts in at 
coverages before the QCP is reached. This is 
tantalizingly reminiscent of the phases that 
mask QCPsin solid-state examples: supercon- 
ductivity in several of the heavy-fermion cor 
pounds (/2, 13) and the as-yet-unidentified 
phase in Sr,Ru,O, (/4, 15). Many possibilities 
now exist for texturing and self-organization of 
correlated fermions at low temperatures. If 
characterization of this intervening phase can 
be accomplished. giving an example of novel 
phase formation in an uncharged atomic sys- 
tem, we will have taken another major step 
toward understanding the subtle physies that 
underlies a rapidly developing field. 
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GEOCHEMISTRY 


‘C’ ing Arctic Climate with 


Black Ice 


Richard B. Alley 


‘New ice-core measurements suggest that soot influenced recent Arctic climate change. 


umans have put our sooty foot in lot 
H: places, leaving visible tracks with 
-onsequences. On page 1381 in this 
issue, McConnell et al. report a new way to 
see those tracks, finding them bigger, blacker, 
and more influential than we thought (/). 
Climate scientists are now confident that 
business-as-ustal fossil-fuel burning for 
another century or two would lead to substan- 
tial global warming in response to increased 
atmospheric carbon dioxide (CO,) concentra 
tions. However, it is more difficult to project 
the climate of the next decade, and it has only 
recently become possible to confidently 
attribute most of the changes over the past 
century to specific causes. This is because the 
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CO, forcing of the past century, and the addi- 
tional forcing of the next decade, are of the 
same order of magnitude as many other natu- 
ral and human effects 

In particular, the effects of airborne parti- 
cles (aerosols) introduce large uncertainties 


into climate-change attributions (2). Most 
aerosols cause net cooling, partially offs 
ting greenhouse-gas warming, but black 
bon (or soot) tends to warm the atmosphere, 
especially by lowering the very high reflect 
ity of snow. The short-term reduction in 
warming achievable by reducing soot emis- 
sions may help to avoid dangerous human 
influence on the climate (3). 

Has soot contributed to past climate 
change? In the early 20th century, the Arctic 
warmed more strongly than anywhere else 
‘on Earth (4); was this natural climate variabil- 
ity, or might human soot have contributed? 
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Unfortunately, modern instruments did not 
sample black carbon until recently. Invest 


gators have relied on models and estimates of 


various combustion sources and efficiencies 
to constrain the effects of soot. MeConnell er 
al, now report a detailed history of black 
carbon and its sources, extracted from a 
Greenland ice core, that goes a long way 
toward answering these questions. 

A quiet revolution over the past decade has 
transformed many ice-core analyses. Once, 
trace chemicals in ice were determined by 
laboriously cutting, cleaning, and analyzing 
individual ice samples; now, clean melters feed 
streams of ice-core-derived water to a suite 
of instruments for continuous analyses 
McConnell ef al. used such an automated 
process (see the figure) to analyze a recently 
recovered core from a central-Greenland site 
where large amounts of snow accumulate 
every year. They obtained highly accurate, 
well-dated chemical histories—includin, 
black carbon concentrations—from 1788 to 
2002, with atime resolution of less than a year 

For the first 60 years of the record, black 
carbon concentrations remained relatively sta- 
ble, but the period from 1850 to 1951 showed 
highly elevated soot concentrations, espe- 
cially during winter, when peak values were 
10 times higher than the baseline, Lower val- 
ues (although still higher than before 1850) 
mark the last $0 years of the record. Com- 
parison to selected sections of a second core, 
collected 350 km to the south, shows close 
agreement, demonstrating the regional coher- 
ence of the signal 

Thus, black carbon concentration rose 
zreatly to a peak in Greenland and still re 
mains somewhat elevated, What was respon- 
sible? McConnell ef al, were 
detect low concentrations of organic mole- 
cules. They focused on vanillic acid, which 
originates largely from the burning of conifer- 
ous trees, Before 1850, soot and vanillic acid 
were highly correlated, especially during the 
mmer fire season, Around 1850, when soot 
levels rose, correlation to the forest-fire indi- 
cator was lost, especially during winter. 
Instead, the higher soot values correlated 
closely with an acid-rain indicator (non-sea- 
salt sulfate, after exclusion of the well-known 
sulfate spikes from large voleanic eruptions), 
The human fingerprint is clear, 

MeConnell ef al, even traced the soot to its 
source. Using the instrumental weather record 
for 1958 to 2002, they identified the main 
snowfall events for their site. Adopting a typi- 
residence time for atmospheric particles 


they then looked back along the trajectories of 


the precipitating air masses, finding the pri- 
mary source region in eastern North America. 
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History in the making. A section of an ice core is melted in the clean lab- 
‘oratory for the report by McConnell et al.; meltwater from only the central 


part of the sample is diverted to the analytical line. 


They infer a similar source for older 
by analogy, although circumstantial evidence 
points to increasing importance of an A 
source as North American emissions de- 
creased after 1951 

Thus, a natural biomass-burning source of 
soot, primarily in summer, was overwhelmed 
by a fossil-fuvel-burning source, primarily in 
winter, for a carbon-blacked century beg 
ning about 1850, Since 1951, a weakening 
human signature may reflect technological 
advancement leading to cleaner combustion 
ineastern North America, 

Do these observations help us understand 
climate history? Recent attempts to assess the 
climatic effects of black carbon, especially in 
the Arctic, have been largely restricted to the 
short interval of reliable instrumental records, 
McConnell et al, calculated the effect of their 
measured soot on absorbed solar radiation at 
their Greenland site. Based on comparison to 
an analysis for 1998 and 2001 for the whole 
Aretic (5), they then estimate the whole- 
Arctic effect of soot since 1788 

Changes in absorbed solar radiation are 
unimportant in the dark Arctic winter, and 
peak during early summer, before seasonal 
snow melts away to reveal darker surfaces less 
affected by soot. Focusing on that most sensi- 
tive season, McConnell ef al. estimate an aver- 
age Aretic warming effect from soot of more 
than | W/m? between 1850 and 19: 
in 1906 to 1910 at more than 3 Wim?—eig 
times the natural forcing. For comparison, the 
globally and annually averaged forcing from 
the total anthropogenic CO, increase in the 
year 2006 was ~1.7 W/m? (2). For regional 
and seasonal changes, the soot effects must 
be important. 

20th-century Arctic warming arrived in 
two sharp ramps (6): a late-century rise that 


mples 


an 


paralleled the global re- 
sponse to greenhouse-gas 
increase, and a similarly 
strong early-century rise 
of more obscure origin. 


Processes in the Arct 
such as the ice-albedo 
feedback, tend to amplify 


natural variability (7) and 
the response to some fore- 
ing, The broad correspon- 
dence between the soot 
peak and the earlier ob- 
served warming suggests 
that the Arctic changes 
in this case may also be 
amplified, because the 
forcing was stronger in 
the Aretic than elsewhere, 

Greenland is not the 
whole world, and more records (8) and 
modeling will be needed to establish 
Whether soot was important in the early 
20th-century Arctic warming, But the results 
of McConnell ef al. place much tighter con- 
straints on the history of soot forcing of 
Arctic climate and should reduce uncertain- 
ties in climate-change attribution. The rise 
nd fall of soot in Greentand illustrate the 
human ability both to alter our environment 
and to limit those alterations, 

The instrumental virtuosity and the rich- 
ness of the ice-core record promise additional 
discoveries: today black earbon and vanillie 
acid, but what about tomorrow? At a recent 
meeting, I was asked whether big questions 
still remained to be solved in ic 
As shown by MeConnell ef af. the answer is 
aan unequivocal yes. 


“ore science, 
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INTRODUCTION 


Living in Societies 


‘AN AWARENESS OF ONE'S POSITION AND THE RELATIONSHIPS OF OTHERS IN A 
group is a rarity among vertebrate species, yet it has proved so spectacularly 
influential in just one species—our own—that it has become a major factor in 
determining the ecology of an entire planet. Although we can describe behavior 
patterns and speculate about their evolutionary advantage, we also need to 
understand their contribution to a species’ reproductive suc 
research is investigating the primate social brain within this evolutionary context, 
often through studies of wild pri 

This special issue of Science explores the adaptive advantages of group life and 
the accompanying development of social skills, Science's Greg Miller visited a 
chimpanzee sanctuary in Uganda to examine how researchers take advantage of 
these semiwild habitats to explore the cognitive abilities of our primate cousins 
(p. 1338), Just how valuable these opportunities can be is illustrated by the massive 
experimental study of physical and social cognition described by Herrmann ef al 
(p. 1360), Silk (p. 1347) describes how research on sociality in baboons and other 
Old World monkeys is beginning to reveal the long-term relationship between social 
bonds and the fitness of individuals. In theirbook Baboon Metaphysics, reviewed by 
Jolly (p. 1326), Cheney and Seyfarth further illustrate the value of field studies, 

One of the most striking evolutionary trends among primates has been the 
expansion of brain size, Many competing theories have been invoked to explain this, 
physiologically costly size shift, Dunbar and Shultz (p. 1344) review the evid 
suggesting that itis the computational requirements of the special social lives of 
primates, in particular the requirement for pair bonding, that have driven the 
evolution of the human brain, An expanded capacity gives human beings unique 
cognitive skills, yet our primate cousins are quite capable of diserimina 
between necessary and superfluous actions, as described by Wood et al. (p. 1402 
Our brains give us extraordinary powers of imagination and sophisticated cultural 
adaptation; for instance, humans can undertake mental time travel and anticipate 
the consequences of actions. Gilbert and Wilson (p. 1351) review the psychology and 
neuroscience of prospection; that is, how we predict future emotional experiences and 
how thinking about the future in the present can lead usastray. One of the most recent 
manifestations of our social brains has been the imaginative leap taken into the 
construction of virtual worlds, Our reporter Greg Miller undertook another field trip, 
this time to Second Life, and describes the progress researchers are making in using 
and understanding this new dimension of the human social experience (p. 1341). 

It will be fascinating to learn how humans will cope with our increasingly 
virtual societies, We can only hope that our growing evolutionary insight into 
(Or Will help us to distinguish reasonable expectations of human 
society from those that are implausible. 
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Social Cognition 


NEWS 


All Together Now—Pull! 


At wildlife sanctuaries, apes demonstrate their limits of cooperation, 
providing clues about the evolution of sophisticated social behavior 


NGAMBA ISLAND, UGANDA—Two chim- 
panzees, Baluku and Ndyakira, face a 
ple choice: Work together and reap a reward, 
or goitalone and get nothing, Residents of a 
sanctuary he could treat themselves 
to bowls of sliced bananas. But the fruit sits 
out of reach on a wood plank placed on the 
ground about a meter from their cage. To 
retrieve the fruit, they must each pull oppo- 
site ends of a rope rigged to the plank such 
that the ends are too far apart for either 
chimp to grab alone. Only with a coordi- 
nated tug ean they reel in the reward. The 
chimps know the drill, but Ndyakira can't 
resist showing Baluku who’s boss, She 
threatens the younger male with a cou; 
then attacks, chasing Baluku 
ing—until keepers restore the peace by lur- 
ing Ndyakira into a neighboring enclosure. 

While Ndyakira gets a timeout, Baluku 
gets a second chance, this time with Okech. 
a male closer to his age and social rank. The 
two cooperate like old pros to haul in the 
banana bounty 

Chimpanzee cooperation depends cru- 
cially on individual relationships, says Alicia 
Melis, a postdoctoral researcher based at 
the Max Planck Institute for Evolutionary 
Anthropology in Leipzig, Germany. Melis 
has been working with the chimps at the 
Ngamba Island Chimpanzee Sanctuary 
2004, and she knows her subjects 
well. Pairs of chimps who get along with 
each other cooperate readily on the rope- 


and 


now sere: 


sine 


pull task, she has found. But when a pair 
has a dysfunctional relationship—such 
as when a dominant chimp like Ndyakira 
insists on bullying a particular subordin 
‘or when a lower ranking chimp is too afraid 
to do its part on breaks down, 

“If you can’t tolerate each other, you can’t 
work together,” says biological anthropologist 
Brian Hare, Melis’s adviser. This 
idea seems obvious, but Hare 
thinks it may have impor- 
tant implications for 
understanding how 


te. 


coopera 


social skills such as 
cooperation evolve. 
He proposes that 
reduced fear and 
aression toward 
others is a prerequi- 


SCIENCE 


site for sophisticated social behavior. His 
recent research on dogs and their relatives 
support this hypothesis: Foxes bred to be 
docile around people can also understand 
some human gestures—a social skill that 
eludes untamed foxes and that is key to 
human-canine closeness. Working mainly at 
es such as this one, Hare is now 
2 how temperament influences 
social behavior in our two closest li 
atives, chimpanzees and bonobos. The 
results feed into a larger comparative study 
that is yieldin 


sanetu 


examini 


human social co 
tion (see p. 1360), 
Othe chers 
are watching the 
project with interest 
The famously hyp 
sexual bonobos are 
widely considered 
the more tolerant of the two apes, says Joan 
Silk, a primatologist at the University of 
California, Los Angeles, If bonobos do bet- 
t 
head-to-head with chimps, that will support 
the idea that tolerance is an important 
condition for the evolution of social cogni- 
tion, Silk says: “It will be a g 
that's correct, 


A tolerant team. 

Chimps (left) are 
less able than bonobos 
(below) to cooperate 
to retrieve a treat of 
bananas from outside 
their cage. 


t collaborative tasks, when compared 


Ape cooperation 
Although chimps cooperate in the wild to 
attack rival groups and hunt monkeys 
until recently, tests of chimp coop- 
eration in more controlled set- 
r yielded largely n 
tive results, Hare, Melis 
Max Planck Institute collab- 
orator Michael Tomasello 
wondered whether a lack 


jal tolerance” 


insights into the evolution of 
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between the individuals being asked to cooper 
ate might underlie this discrepancy, They car- 
ried out their own tests in Leipzi 
tion to chimp-chimp dynamics. Chimp pairs 
with high levels of social tolerance, as gauged 
by their willingness to share food with one 
another, spontaneously figure out the rope-pull 
task and consistently work together to get a 
mutual reward, they reported in the Au; 
2006 issue of Animal Behaviour, 

The researchers extended those find 
with experiments at Ngamba, The tests 
showed that chimps not only recognize when 
they need a collaborator to solve a problem, 
but, given a choice between two potential 
helpmates, they will also choose the one who 
has been most effective at helping them in the 
past (Science, 3 March 2006, p. 1297). 
“Chimps can do really complex things if 
they're with a tolerant partner, but if they're 
not with a tolerant partner they can’t do any- 
thing,” says Hare. 

There are limits to cooperation even in 
tolerant chimps, however. When Melis 
repeats the test with Baluku and Okech but 
this time rigs the platform with one central 
bow! of food instead of one bow! for each of 
them, their collaboration falters, Okech 
seems to have the right idea: He runs to one 
end of the rope and stands by, apparently 
ready to do his part. But Baluku ignores his 
end of the rope and reaches through the bars 
of the enclosure, grasping at the fruit just 
beyond his reach, Another trial produces a 
similar impasse, On the third try, both 
chimps pull the rope, but Baluku darts to the 
food bow! and snatches the fruit, leaving 
none for Okech, who hoots sofily 
ing for food," says Melis, 

‘Okech might have had better luck if he'd 
been a bonobo. Bonobos have a reputation as 
the free-loving hippie cousins of chim- 
panzees, They use sex—in a seemingly end- 
less variety of positions and combinations of 
partners—to defuse the tension of social 
interactions. Hare hypothesized that these 
apes, who apparently excel in social toler- 
would outperform chimpanzees in 
cooperating to retrieve fruit rewards. 

That hunch turned out to be right. He, 
Melis, and colleagues recently had bonobos 
housed at the Lola Ya Bonobo Sanctuary in 
the Democratic Republic of Congo perform 
the rope-pull test. Like many of the chimps, 
bonobos cooperated readily on the rope-pull 
task when the reward was separate bowls of 
fruit. Unlike the chimps, they also cooper- 
ated well when the food was presented ina 
central bowl. Moreover, the bonabo who got 


le'sery- 
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It’s feeding time at the Ngamba Island Chimpanzee Sanctuary, and keepers are tossing chunks of 
pineapple, avocado, banana, and papaya to dozens of eager chimps who make a racket as they 
scramble for the falling fruit. Brian Hare, a biological anthropologist visiting from Germany, looks 
on gleefully. “Look at all those chimpst” he exclaims. “I love it!” 

His work here is part ofa project to compare the social behavior of chimpanzees and bonobos (see 
‘main text) in particular, cooperation—something at which he himself excels, Although currently 
based at the Max Planck Institute for Evolutionary Anthropology in Leipzig, it's obvious that he's 
forged strong relationships here. He exchanges animated greetings with the keepers in Luganda, a 
local language, and chats with them over dinner about politics—both Ugandan and chimpanzee— 
catching up on the latest scandals and power strugales in both realms. Hare has also recently estab: 
lished ties with two other African ape sanctuaries and hopes other researchers wll follow his lead 

It’s a mutually beneficial arrangement, Hare says, Sanctuaries provide a home to animals 
orphaned by the bush-meat trade or rescued from pet traders, and they promote the conservation 
of wild apes in the few areas where these animals still remain. They benefit from the support and 
expertise of visiting scientists. And researchers get their money's worth. Work at the sanctuaries is 
considerably cheaper and entails les red tape than at many zo0s and primate centers, Hare says. 
Moreover, the sanctuaries have larger numbers of apes than many other facilities and provide more 
natural living conditions. 

‘At Ngamba, for example, 42 chimpanzees have free rein over 39 hectares of rainforest on 
the 40-hectare island in the Ugandan section of Lake Victoria. During the day, the chimps forage, 
play, and interact much like chimps in the wild. They can sleep in the forest too, but most prefer 
the hammocks slung near the ceiling in the caged enclosure, which doubles as a behavior lab. "It's 
better for us as researchers because we get to work with apes that are a little more psychologically 
healthy and have a much richer and [more] natural environment” than 200s or primate centers can 
provide, Hare says. In addition to work at Ngamba, he has begun studies at the Tchimpounga 
Chimpanzee Sanctuary in Congo and the Lola Ya Bonobo Sanctuary in the Democratic Republic of 
Congo, the only sanctuary in the world for these highly endangered apes. 

The sanctuaries also stand to gain, says Ngamba director Lilly Ajarova. Hare's research on social 
relationships among the Ngamba chimps, for example, has taught the keepers a great deal about 
how different individuals get along and how to manage them, Ajarova says, In addition, Hare's grant 
money has paid to renovate the sanctuary's kitchen and allowed one of its veterinarians to pursue 
Ph.D. research in microbiology in Germany. 

Harvard primatologist Richard Wrangham, who helped set up the Ngamba sanctuary and encour 
aged Hare to pursue research there, sees “wins all around, for chimpanzees, managers, and 
researchers.” Like Hare, he would like to see the sanctuaries become a sharable resource for ape 
researchers, whose populations of subjects in developed countries may dwindle as breeding restric 
tions tighten (Science, 1 June, p. 1265). “The sanctuaries are a godsend for the future of our 
science,” Hare says. -G.M. 
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to the prize first always shared some food 
with its partner, (Like Baluku, most chimps 
adopt a winner-take-all policy in this situa- 
tion.) The findings, which appeared in the 
3 April issue of Current Biology, suggest to 
Hare that relative to chimps, bonobos are 
capable of more flexible cooperation: They 
fussy about who they will work with 
or what the reward is, 

Still, the study presents a puzzle because 
field researchers have seen very little coop- 
eration in wild bonobos, One possibility, 
Hare says, is that bonobos don’t need to 
cooperate because food is so abundant in 
their rich rainforest habitat, Tomasello adds 
that although bonobos, unlike chimps, don’t 
appear to use tools in the wild, they quickly 
learn to use them in captivity, suggesting 
they're capable of a variety of cognitive feats 
they don't normally perform in the wild. 


are les 


Evolution of tolerance 
But how did bonobos get to be so socially 
adept? Hare has a provocative idea, one suug- 
gested by work in canines. Domestication ha 
honed the dog’s social smarts. Dogs know 
when a human is pointing toward hidden food, 
implying complex communication between 
man and his best friend. Wolves and wild 
foxes lack this ability. But foxes bred to lack 


Come and get it. 
Feeding time at 
Ngamba Island 
Sanctuary is 
popular with: 
chimps and hurian. 
visitors alike. 
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fear or aggression toward 
humans ean interpret these 
tures just fine, Hare and his col- 
es reported in 200: 
“They weren "tselected to do 


domestication produced social 
skills that wild ancestors lacked 
(Science, 23 June 2006, 
p. 1737). 

Hare’s Ph.D. adviser at 
Harvard, primatologist Richard 
Wrangham, had proposed in 
the 1990s that something anal- 
ogous may have happened in 
bonobosafier their lineage split 
off from that of chimpanzees 
about 2 million years ago. Dogs and other 
domesticated animals tend to have certain 
characteristics relative to their wild ancestors, 
including reduced cranial volume, smaller 
teeth, more gracile limbs, and lighter coloring. 
Wrangham argued that bonobos, and the 
males in particular, have these traits relative to 
chimpanzees. These features arose coinciden- 
Ily in dogs and domestic foxes selectively 
bred for low aggression, and Wrangham 
argues that natural selection against aggres- 
sion in bonobos could have produced a similar 
result, Bonobos are 
the most peacetiul of 
the great apes, he 
says. Male bonobos 
don’t conduct raids on 
neighboring groups. 
as do chimpanzees, 
for example, or kill 
infants sired by other 
males, as do gorillas, 
(Why natural selee- 
tion would have dis- 
favored aggression in 
bonobos is a mystei 
although Wrangham 
is not short on ideas.) 

Hare goes a step 
further, proposi 
that, whatever the 
cause, selection 
against aggression 
enhanced social tol- 
erance in bonobos, 
setting the stage for 
their ability to coop- 
erate more flexibly 
than chimpanzees 
in some situations. 

It’s a racy hypothe- 


Thought provoking. Comparative behavioral studies of nonhuman 
primates such as bonobos (above) should shed light on the roots of 
‘human social cognition, 


Hare concedes, “It’s not going to be 
‘embraced by everyone. 

Primatologist Frans de Waal of Emory 
University in Atlanta, Georgia, is one of the 
unconvinced, He discounts Wrangha 
assertion that bonobos arose from a chimp- 
like common ancestor that became less 
aygressive after they diverged. “It could very 
well be the other way around,” he says. Chim- 
panzees could be the more aggressive off: 
shoot of a bonobolike ancestor, “There's not a 
shred of evidence for one position or the other 
at this point,” de Waal says, adding that only 
genetic data are likely to settle the issu 

Researchers have done very little genetic 
work with bonobos to date. But one study that 
compared variations in a gene called avprla 
in bonobos and chimpanzees found that the 
bonobo version is similar to one found in 
highly social prairie voles, whereas the chimp 
version resembles that found in socially aloof 
montan 10 June 2005, 
p. 1630). The human version is more similar 
to the bonobo one. The gene encodes a recep- 
tor for vasopressin, a hormone linked to 
aggression, sex, and other social behaviors. 
The findings hint at how genetic changes 
could produce different temperaments in 
chimps and bonobos, Hare says. 

Hare is currently searching for addi- 
tional clues by measuring heart rate and 
other physiological indicators in bonobos 
and chimps in response to social stimuli 
such as the recorded calls of familiar and 
unfamiliar individuals. “If we can figure out 
how those two sister species are different 
and how they became different, then we'll 
about how 
we became different from them,” he says. 
“That's the goal of the whole project.” 
GREG MILLER 
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NEWS 


The Promise of 


Parallel Universes 


In Second Life, there's no need for 
liposuction, Participants in this 
computer-generated world can 
slim down by simply sliding a bar 
on the computer sereen that con- 
trols the body fat of their virtual 
self, or avatar, Receding hair fills 
out with similar ease and, if the 
whim strikes, turns el 
witha click of the mouse, 

The freedom to try out different 
looks, and even different personas, 
contributes to the growing appeal 
of virtual worlds such as Second 
Life, where residents soc 
real time, often forming groups to 
pursue business, artistic, and other 
endeavors. These parallel universes 
have attracted millions of users in 
recent years, They've also begun to 
attract the attention of scholars of 
human social behavior, 

For resea 
are uncharted territory, test beds for 
seeing what people do when freed 
from real-world physical and social 
constraints, “It'sa deep, deep rabbit 
hole," says Dmitri Williams, who 
studies the social impact of new 
media at the University of linois, 
Urbana-Champaign, Social scien- 
tists 
social norms, such as the concept 
of personal space, persist in these 
modem-day Wonderlands, They re 
into whether, by creat- 
ing better-thanslife avatars, virtual- 
world visitors set themselves up to 
have different online identities: For 
example, can a tall, handsome 
avatar transform a shy nerd into a 
smooth operator? In turn, can exper 
the virtual realm change how people behave 
and think of themselves in real lite? 

Already, they are seeing signs that com- 
puter-generated representations of people can 
be deviously manipulative, with the potential 
to impact real-world decisions (see sidebar, 
p. 1343), Thus, answering these questions will 
be of fundamental importance as virtual envi- 
ronments increasingly enter the mainstream, 
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For social psychologists, computer-generated realities 


Instant makeover. The malleability of avatars adds a new dimension to social 
interactions in virtual environments. 


says Williams. “It’s possible that one large 
category of human interactions in the future is, 
1g to be based on avatars,” he adds. 

At the same time, some researchers see 
opportunities to tackle previously intractable 
research questions. They can do experiments in 
virtual environments on social networks and 
crowd behavior, for example, that would other- 
wise be impossible for practical or ethical rea- 
sons. “This isa very exciting way forward for 
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provide exciting new terrain for exploring human 
behavior and complex social interactions 


social psychology and soci 
says Mel Slater, a computer sci- 
entist with joint appointments 
at University College London and 
the Universitat Politécnica de 
Catalunya in Barcelona, Spain. 


Science in wonderland 
Se 
ten about virtual worlds for 


ice-fiction authors have writ 


decades, but only in recent years 
have more powerful computersand 
widespread broadband Internet 
access made it possible for people 
tointeract 
generated settings, Virtual environ- 
ments vary in conte! 
ter. Some are games with set rules, 
The most popular of this genre is 
World of Warcraft, in which, 
simultaneously, thousands of play- 
ers battle monsters and enemy 
players, points and 
and risking their avatars’ 
the process. In contrast, 


p real time in computer- 


and charac 


coumulatin| 


booty 


lives 
Second Life is a safer but more 
freeform world, with few limits on 
situations encountered, 

fet even in virtual worlds, the 
mind follows some real-world 
rules. “Ina lot of these online 


games, it’s possible to actually 
walk through another character, 
but almost no one ever does that 
because it’s so uncomfortable psy 
~ explains Nick Ye 
ntly completed a Ph.D. at 
Stanford University in Palo Alto, 
California, on the psychology of 
online games and vir 
ments, Indeed. Yee and others have 
found that people maintai distance 
when interacting with other avatars, Just as in 
the physical world, pairs of female ava 
Second Life made more eye contact while talk~ 
ing and tended to stand closer together than did 
pairs of males, Yee and colleagues, including his 
graduate adviser Jeremy Bailenson, reported 
in the February issue of CyberPsvchology & 
Behavior, Avatars also tended to reduce eye 
contact as the distance between them shrunk, 
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certai 


urs in 


7 SEPTEMBER 2007 


1341 


1342 


archers found. “There are some things 
rl-wired culturally that it’s hard 
to switch them off, even in a virtual environ- 
ment." Yee says. 

In another study, now in press at the Jnter- 
national Journal of Multimedia Tools and 

Applications, Yee and Bailenson asked student 
voluntee it spots” off several vir- 
tual objects and people using a joystick that 
‘measures the force applied by the user's hand 
The subjects applied more force when wiping 
the dirt from the objects than from the people 
Yee and Bailenson found. Volunteers also 
applied a softer touch to 
and to females relative to males, mirroring real- 
world tendencies regarding touch, 

On the other hand, virtual worlds offer vis- 
itorsa chance to break away from their normal 
habits, In a paper in press at Human ¢ 
nication Research, Bailenson and Yee report 
that undergraduate volunteers g 
tive avatar more readily approached and con- 
versed with an avatar of the opposite sex than 
did volunteers given a less attractive avatar, In 
nother experiment, they found that volun- 
teers given ataller avatar negotiated more con- 
fidently when they had to split money with 
another avatar and were less likely to accept a 
lopsided deal than were volunteers given a 
shorter avatar, “How your avatar appears 
affects how you behave online,” s 
Moreover, he has found that those given taller 
ined confidence in a subsequent 
face-to-face negotiation task in real life. 

Other researchers have also seen evidence 
of a carryover from the virtual world to the 
physical one. Psychologist Jeffrey Hancock 
and his graduate student Jorge Pefia at Comell 
University recently asked volunteersto explore 
a Virtual environment as an avatar wearing a 
doctor's coat or one wearing the white robe and. 
hood ofthe Ku Klux Klan. Afierward,a person- 
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s Yee. 
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ality test revealed that those dressed asa mem- 
ber of the white-supremacist group rated 
themselves more aggressive than did the vir- 
tual M.D’s, who gave themselves high marks 
for friendliness. The difference in the 
responses of the two g 
be explained by chance differences in the per- 
sonalities of the people assigned to the two 
foups. Hancock says: “These questionnaires 
are supposed to examine stable traits about 
somebody that aren't supposed to change over 
time. Yet here we're seeing that they're act 
ally thinking about themselves differently” 
afier a brief experience in a vir- 
tual environment. 


OUPS Was too large to 


Group dynamics 
Wher 
Bailenson and Hancock have 
focused primarily on individual 
behavior, others see unpr 
dented opportunities to investi- 
gate the behavior of Ia 
groups. “Virtual worlds provide 
an outstanding exploratorium 
for us to gather data and test 
models,” says Noshir Contrae- 
tor, who studies social networks 
at Northwestern University in 
Evanston, Illinois, 

In the real world, collec 
data on how people create. 
maintain, and dissolve links 
with one another is incredibly 
labor- and time 
tractor says. For exampl 
beginning in 1999, he spent 
$1.5 million and 3 years ona 
project that examined how 
‘oups of peopl 


researchers such as 


rger 


tensive, Con- 


ess the 


expertise of their members 
when they work collaboratively 
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Brave new worlds. Social scientists are finding that 
virtual environments provide prime opportunities to 
study group behavior. 


na problem. Companies and organizations 
often assume that if they create a directory list 
ing the expertise of their members, people will 
seek out the most knowledgeable person when 
they need help with a particularaspect ofa job, 
To see if that was really happening, he and his 
colleagues conducted in-depth surveys with 
more than 30 working groupsat places such as, 
NASA, Bo nd Charles Schwab, "Getting 
the data for that was very time 
very painstaking,” Contractorrecalls, His 
found that when people need help with 
ticularaspect of a job, they don’t n 
to the person with the most expertise in that 
ad. they often get help from people 
with whom they have close social ties, 

More recently, Contractor and co-workers 
conducted a similar experiment in World of 
Warcraft, This time around, the experiment 
took onlya few months, and the findings turned 
out much the same: Even though the game pro- 
vides lists of players best able to craft deadly 
weapons or construct defenses, when players 
needed help, they typically turned instead to 
other players they already knew or had worked 
with in the past 

Contractor is now extending 
this line of investigation with 
studies on social networks in 
EverQuest Il, a monster-slaying 
game produced by Sony, and in 
Second Life, which will enable 
him to study thousands of indi- 
viduals instead of just a few 
dozen, as in his real-world 
study, Contractor hopes these 
more comprehensive data sets 
will shed light on how social 
networks change over time, 
something that has been very 
difficult to track. In the 
EverQuest, Sony has granted 
the researchers access to 15 
months of in-world action 
archived second by second as 
players form and dissolve 
groups for quests and raids. 
“We essentially have a movie of 
the networks as they're unfold- 
ing in time?” says Contractor. 
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Shocking. A virtual woman receives 
increasingly painful shocks in a 21st 
century version of Stanley Milgram’s 
infamous obedience experiment. 
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THE ART OF VIRTUAL PERSUASION 


If virtual worlds go the way of the World Wide Web, eventually hundreds 
of millions of people will be logging in daily for a spin around their 
favorite computer-generated world. But they will have to keep their wits 
about them. Social scientists are finding that online experiences influence 
offline thinking (see main text) and that manipulation—for political, 
advertising, or other purpases—may be much more sophisticated in vir- 
tual environments. 

A variety of studies have 
shown that people who mimic the 
gestures or speech of others are 
often perceived by those they 
mimic as more likable and influ- 
ential. In virtual environments, 
where everything is generated by 
computers, the potential for 
manipulation by mimicry can 
reach frightening new levels. 

For example, a week before 
the 2004 U.S. presidential elec- 
tion, Jeremy Bailenson and col- 
leagues at Stanford University 
asked 240 volunteers to fill out 
surveys regarding the two main 
candidates, President George W. 
Bush and Senator John Kerry, 
while viewing side-by-side photo- 
agraphs of the two men. For a ran- 
domly selected third of the sub- 
jects, the researchers used software to merge Bush’s photo with a photo of 
the subject, making Bush look more like the subject without the subject 
noticing. Another third faced a Kerry doctored with their features, and for 
the remainder, the photos were unaltered. After viewing the photos, those 
subjects without strong partisan views tended to endorse the candidate 


Subject 


face has been morphed with their own. 


“Jobnn Kerry” 
How do you like me now? Undecided voters gravitate toward a candidate whose 
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Inanother experiment, in 2005, Bailenson and colleagues asked under- 
‘graduate volunteers to don a virtual-reality helmet to watch someone argue 
for an unpopular real-life proposal that students carry an ID card atall 
times. When the virtual talking head mimicked the viewer's own head move- 
ments (as recorded and relayed by the helmet) the student responded more 
favorably to questions about the policy. 

Such findings have potentially creepy implications. “It gets kind of icky 
if you think about politicians in the future that will change what they look 
like according to who's looking at them,” says Jeffrey Hancock, a psycholo- 
gist at Comell University. OF course, 
politicians already do that to some 
extent in the real world—donning 
overalls for a meeting with farmers, 
then switching to a suit for a meet- 
ing with business executives—but 
in virtual environments, computer 
algorithms could potentially enable 
a politician's (or a salesperson’s) 
avatar to adjust his appearance and 
mannerisms instantly and auto- 
matically to maximize his influence 
in any given situation. in Second 
Life and other virtual environments, 
Bailenson points out, computer 
servers keep a running log of 
everything—every glance, nod, or 
flick of the hand that happens. 
“You have this huge database, and 
someone could grab it in real time 
and mimic youata subtle level,” he 
‘ays. “I think it’s important for people to realize how difficult itis to detect 
this when it happens in the digital world and how powerful it is.” 

At the same time, Bailenson says, the power of mimicry could have 
beneficial uses as well—to create avatars for teachers that are personalized 
for each student, for example. “If 'm a teacher and | really want to reach a 


whose face had been morphed with their own. 


Other researchers have begun toying with 
virtual worlds as settings for experiments that 
could not pass muster with ethical review 
boards ifdone with real people, yet which have 
the potential to provide valuable insights into 
human behavior. Slater recently explored this 
potential by conducting a virtual version of a 
controversial 1960s experiment designed by 
psychologist Stanley Milgram at Yale Univer- 
sity. Milgram and colleagues directed subjects 
to deliver increasingly painful electric shocks 
toastranger (really an aetor pretending to be in 
pain) when he gave an incorrect response on a 

4g. memory test The subjects" compliance pointed 

§ toa disturbing tendency to obey authority. 

2 In Slater version, the stranger wasa virtual 


‘woman viewed on a computer sereen. Although 
subjects knew the woman was not real, their 
§j heart rates increased and they reported feeling 
8 bad about delivering the shocks. Yet they kept 
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student, | have a new tool,” he says. 


GM. 


shocking the stranger just as Milgram’s subjects 
had, Slater and colleagues reported in the 
December 2006 issue of PLoS ONE. The exper- 
iment is an important proof of principle, Slater 
says, because it suggests that virtual environ- 
‘ments can be used to predict how people will 
behave in real situations. 

Slater now plans to investigate how crowds 
behave in emergencies. For example, social 
psychologists have struggled to explain the so- 
called bystander effect, whereby people are less 
likely to help someone who is being attacked 
when there are others present. “There are vari- 
ous hypotheses out there, but they can’t be 
tested” in real life, Slater says. Ina Virtual envi- 
ronment, however, he can easily control the 
‘number and behavior of people in any given sit 
uation. He also plans to examine how the 
behavior of'a crowd at a virtual movie theater 
influences how individuals respond when a fire 


breaks out. “The beauty of virtual reality is that 

it allows you to study these quite complex 

issues while sidestepping the practical and eth- 

ical problems inherent to real-world versions of 
Slater says, 


applications, from better disaster management 
to increased collaboration and creativity within 
‘onganizations. Indeed, some blue-chip compa- 
nies are already taking note. In June, IBM 
released a study of online role-playing games 
that concluded that these virtual environments 
provide fertile ground for developing rea 
world leadership skills. In a not-so-far-fetched 
future, applicants for management positions 
may find themselves listing their World of 
Warcraft credentials on their résumés right 
under their university business degrees. 

~GREG MILLER: 
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REVIEW 


Evolution in the Social Brain 


R. |, M. Dunbar* and Susanne Shultz 


The evolution of unusually large brains in some groups of animals, notably primates, has long been 
a puzzle. Although early explanations tended to emphasize the brain’s role in sensory or technical 
competence (foraging skills, innovations, and way-finding), the balance of evidence now clearly 
favors the suggestion that it was the computational demands of living in large, complex societies 
that selected for large brains. However, recent analyses suggest that it may have been the 
particular demands of the more intense forms of pairbonding that was the critical factor that 
triggered this evolutionary development. This may explain why primate sociality seems to be so 
different from that found in most other birds and mammals: Primate sociality is based on bonded 
relationships of a kind that are found only in pairbonds in other taxa. 


fhe brain is one of the most expensive 
[ ongans in the body, second only to the 
heart The brain's costs are about 
8 to 10 times as high, per unit mass, as those of 
skeletal musele (/, 2). Although the brain's 
ability to control the body's functions is obvi- 
ously useful, it entails something of an evolu- 
tionary puzzle, The neurobiologist Hany Jerison 
first pointed this out during the 1970s (3), when 
he drew a distinction between the component of 
the brain required to meet the body’s physical 
needs and the component that was left over, 
which could attend to tasks of a more cogni- 
tively complex nature, This second component 
of the brain has been increasing over evolution- 
ary time across the birds and mammals, but fish 
and reptiles continue to thrive with brains of 
very modest size, Although it is easy to un- 
derstand why brains in general have evolved, it 
is not so obvious why the brains of birds and 
mammals have grown substantially larger than 
the minimum size required to stay alive. 
‘Traditional explanations for the evolution of 
large brains in primates focused either on eco- 
logical problem solving or on developmental con- 
straints. Early studies identified physiological 
tnd life-history traits—ineluding lange body size, 
metabolic rates, and prolonged development 
that were associated with large brains (4, 5) 
Some argued that this correlation was due to 
the more efficient metabolism of larger-bodied 
‘animals, which allowed more energy to be de- 
voted to fetal brain growth and thereby made 
the evolution of larger brains possible (6, 7). All 
else being equal, big brains are a useful if un- 
intended by-product of efficient energy use. In 
addition to this theory, some evidence supported 
ecological problem-solving as a possible © 
planation: Among primates, for example, lange- 
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brained species have larger home ranges (per- 
haps requiring more sophisticated mental maps), 
and frugivores have larger brains than folivores, 
(Ciuits are much less predictable in their location 
and availability than leaves) (8). 

(On closer examination, most of the enengetic 
explanations that have been offered identify 
constraints on brain evolution rather than selec 
tion pressures. In biology, constraints are ine 
and crucial for understanding evolutionary 
jectories, but they do not constitute functional 


© Monkeys: 


Fig. 1. In anthropoid primates, mean social group size increases 
with relative neocortex volume (indexed as the ratio of neocortex 
volume to the volume of the rest of the brain). Solid cir 
monkeys; open circles, apes. Regression lines are reduced major 


axis fits. [Redrawn from (47)] 


explanations —that is, just because a species can 
afford to evolve a larger brain does mot mean 
that it must do so, Proponents of developmen- 
tal explanations seem to have forgotten that 
evolutionary processes involve costs as well as, 
benefits. Because evolution is an economical 
process and does not ofien produce neadless 
‘organs or capacities, especially if they are ex- 
pensive to maintain, it follows that some propor- 
tionately beneficial advantage must have driven 


brain evolution against the steep selection gra- 
dient created by the high eosts of brain tissue. In 
this respect, most of the ecological hypotheses 
propased to date also fail, None can explain 
\Why primates (which have especially large brains 
for body mass, even by mammal standards) need 
brains that are so much larger than, say, squir- 
rels, to cope with what are essentially the same 
foraging decisions. 

As an alternative, Byme and Whiten pro- 
posed the Machiavellian Intelligence hypothesis, 
(9) in the late 1980s: They angued that what 
ferentiates primates fiom all other species (and, 
hence, what might account for their especially 
large brains) was the complexity of their social 
lives, Unfortunately, the term “Machiavellian” 
was widely intempreted as implying deveit, ma- 
nipulation, and connivance—traits that most 
people were reluctant to attribute to any species 
other than humans, In fact, although these are 
potential aspects of social complexity, they 
did not lie at the heart of Byme and Whiten’s 
proposal. Instead, the propesal emphasized the 
complex social environments in which pri- 
mates lived, The less contentious label social 
brain hypothesis (SBH) (/0, //) has thus been 
adopted. 

Although initially criticized for being con- 
ceptually vague, the SBH eventually began to 
receive increasing quantitative 
support, A series of studies dem- 
onstrated that, among. primates 
at least, relative brain size {usu- 
ally indexed as relative size of 
the neocortex, the area that has 
disproportionately expanded in 
primates (/2)} correlates. with 
many indices of social complex 
ity, including social group size 
(Fig. 1) (13), number of females 

the group (/4), grooming 
ize (15), the frequency 
of coalitions (/6), male mating 
strategies (/7), the prevalence 
of social play (8), the frequen- 
cy of tactical deception (19), 
and the frequency of social lea 
ing (20), 

Aweakness of most analyses, 
however, is that they invariably 
test a single hypothesis without 
ensuring that the same predic- 
tions could not also arise from 
‘other equally plausible explanations. Although 
some attempts have been made to diserimi- 
nate between ecological and social theories 
(13, 21), and these have largely supported the 
social hypothesis, there has been little effort to 
develop an explanatory framework that inte- 
grates the many social, ecological, and 
ory correlates of brain size that have been 
identified, As a result, constraint-type expla 
nations (e.g, correlations with life history) 


les, 
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have continued to be emphasized as though 
they Were alternative explanations for evolu- 
tionary funetion, 


Social Brain, Social Complexity 

The broad interpretation of the social brain 
hypothesis is that individuals living in stable 
social groups face cognitive demands that 
iduals living alone (or in unstable aggre- 
gations) do not. To maintain group cohesion, 
individuals must be able to meet their own re- 
quirements, as well as coordinate their behavior 
with other individuals in the group. They must 
also be able to defuse the direct and indirect 
conflicts that are generated by foraging in the 
same space. 

Appreciating that the problem to be solved 
lies at the level of the group (ie., the need to 
‘maintain group coherence through time) and not 
just at the level of individual foraging strategies 
might allow us to reconeile the apparent conflict 
between the ecolo hypotheses. 
One example of this apparent conflict is the 
suggestion that Nexibility of foraging skills might 
bbe more important than social skills. The evidence 
that brain size correlates 
tion and the 
through social leaming (or cultural transmission) 
in both birds (22) and primates (20) supports 
this claim, However, in the final analysis, all of 
these hypotheses (social and ecological alike) 
are at root ecological: They allow animals to sur- 
vive and reproduce more effectively, The SBH 
proposes that ecological problems are solved 
socially and that the need for mechanisms that 
enhance social cohesion drives brain size evolu- 
tion, In contrast, the more conventional ecolog- 
ical hypotheses assume that animals solve these 
same ecological problems individually by trial 
and eror leaming and do not rely on any form of 
social advantage, 

For primates at least, sociality is specifically 
driven by the need to minimize predation risk 
(23-25), However, we have shown that two dif 
ferent kinds of predators (chimpanzees and 
ids) from five different ecological commu- 
son {Wo continents differentially select small- 
brained prey species (relative to their availabil 
in the population) when we control for other 
traits (including group size) (26). Predation thus 
acts directly and indirectly (by means of group 

ize) on bran evolution, Nonetheless, whatever 


(23, 24), Hence, behavioral flexibility within a 
social situation may be essential for individuals 
to make the most of sociality. For anthropoid 


primates, this behavioral flexi 
reflected in the use of intense social bonds (often, 
but not always, serviced by social grooming) to 
prevent groups from disintegrating under these 
pressures (5). 
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The net consequence of these kinds of pres- 
is that species that evolve larger brains 
ely have higher fitness. Jerison (3) him- 
self pointed out that, in the Paleolithic record, 
increases in brain size among camivores and 
their prey species (mainly ungulates) seem to 
track each other closely over time, 
gulate brain size leading. These findings are 
interesting in themselves and also mesh well 
with findings that brain size can be associated 
with other types of ecological flexibility —for 
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more widely, and several attempts have been 
made to extend the hypothesis to nonprimate 


sociality might be a more 
driving brain evolution ( 
shows that the correla 
what one might expect (polygamous species 
actually have the smallest brains), making 


34). Yet evidence 
ion is the reverse of 


Fig. 2. Path analysis of correlates of brai 


size in primates. The best model for group size included 


just three variables (neocortex size, activity, and range size). Factors that are more remote in the 
path diagram provide a significantly poorer fit, suggesting that they act as constraints rather than 
driving variables. BMR, basal metabolic rate. [Reproduced with permission from (16)] 


example, that brain size is a predictor of both 
extinction risk and invasion success in birds 
7, 28), 

To tease out the relationship between the 
nexus of factors that correlate with brain size, 
we have recently undertaken path analyses of 
primate and bird data to identify causes, con- 


sequences, and constraints in brain evolution 
(6). These analyses demonstrate not only 


impose constraints on brain size (such that 
these constraints require solutions if a species 
is to evolve a substantially larger brain) but 
also that the key selection pressure promoting, 
the evolution of large brains is explicitly social 
(Fig. 2). 


Brain Evolution in Birds and Mammals 


Although the SBH was originally conceived 
for primates, the same principle could apply 


sexual selection an unlikely suggestion, al- 
though it may influence some components of 
the brain [such as the limbic system in male 
primates (35, 36)]. 

Although it is possible that the SBH applies 
exclusively 10 primates, biologists are usually 
reluctant to argue for special cases. Fortunate 
the recent availability of more powerful sta 


First, we have shown that there is a strong co- 
evolutionary relationship between relative brain 
of sociality from an 
ial (or less social) state in primates, un- 
gulates, and camivores (37). Second, for four 
‘orders of mammals (primates, bats, artiodacty! 
ungulates, and camivores) and 135 species of 
binds representing a wide cross-section of avian 
‘orders, we have shown that, in all taxa except 
anthropoid primates, the relationship between 
brain size and sociality is qualitative and not 
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quantitative: In each case, large relative brain 
size is associated explicitly with pairbonded 
(ie,, social) monogamy (Fig. 3). 

These findings suggest that it may have 
been the cognitive demands of pairbonding 
that triggered the initial evolution of large brains 
across the vertebrates. More important, pai 
bonding is the issue, not biparental care, This is 
obvious in the case of ungulates: Biparental care 
does not occur at all in this taxon, yet ungulates 
that mate monogamously have substantially 
larger brains than those that mate polyzamously 
(Fig. 3). 


How Complex Can Pairbonds Be? 
‘The important issue in the present context is the 
marked contrast between anthropoid primates 
‘and all other mammalian and avian taxa (in 
cluding, incidentally, prosimian primates): Only 
anthropoid primates exhibit a correlation be- 
tween social group size and relative brain (or 
neocortex) size. This quantitative relationship 
is extremely robust; no matter how we analyze 
the data (with or without phylogenetic cor- 
rection, using raw volumes, or residuals or 
against any number of alternative body 
or brain baselines) or which brain data set we 
use (histological or magnetic resonance imag- 
ing derived, for whole brain, neocortex, or just 
the frontal lobes), the same quantitative rela- 
tionship always emerges. This suggests that, at 
some early point in their evolutionary history, 
anthropoid primates used the kinds of coni- 
tive skills used for pairbonded relationshi 
by vertebrates to create relationships between 
individuals who are not reproductive partners. 
In other words, in primates, individuals of the 
same sex as well as members of the opposite 
sex could form just as intense and focused a 
relationship as do reproductive mates in non 
primates. Given that the number of possible 
relationships is limited only by the number of 
animals in the group, primates naturally ex- 
hibit a positive correlation between group size 
and brain size. This would explain why, as 
primatologists have angued for decades, the 
nature of primate sociality seems to be qual 
itatively different from that found in. most other 
mammals and binds. The reason is that the 
everyday relationships of anthropoid primates 
involve a form of “bondedness” that is only found 
elsewhere in reproductive pairbonds, 

This suggestion merely adds to the puzzle 
of bonding. What is it about social 
bonds that is cognitively so demanding? There 
seem to be two obvious possibilities in the case 
of reproductive pairbonds. One is that lifelong 
monogamy is a risky commitment; to avoid 
the risk of bearing a disproportionate share of 
the costs of reproduction, individuals must be 
especially careful in choosing good-quality 
(ie, fertile) mates who will be reproductively 
loyal and play their full role in the processes 
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of rearing. The other possibility is that a work- 
2 reproductive relationship that involves sub- 
stantial postnatal parental investment requires 
very close coordination and behavioral syn- 
chrony; if successful rearing requires both 
partners to invest time and energy in the rear- 
ing process, then the pair needs to regulate its 
activities so that each has enough time for 
feeding and rest, That will usually necessitate 
some degree of activity synchronization 
some cases, to ensure the pair do not drift 
apart as a result of different activity schedules, 
and in other cases, to ensure that rearing or 


Part of the problem here is that social rela- 
tionships have been seen as mere epiphenomena 
spawned by the issues of real biological interest, 
namely mate choice and parental investment, 
The social Ieaming version of SBH (20, 22) in- 
horits a sense of that assessment: Sociality is of 
terest only in so far as it provides a context 
in which animals can acquire foraging informa- 
tion that has immediate benefits for them in 
terms of individual fitness, However, this misses 
the point of primate sociality—indeed, the nature 
of socialty, and especially pairbonding—in all 
higher vertebrates. In these intensely social spe- 


I 


Primates 


Fig. 3. Mean (2SE) of residual brain volume (controlling for body size and phylogeny) in species 
with pairbonded (purple bars) versus all other mating systems (gray bars) in birds and four orders 
of mammals. The differences are significant in all cases except primates. 


vigilance duties are time-shared appropriately 
(37), Which of these two has been the key 
driver for brain evolution, or whether both 
have been equally important, remains to be 
determined. 

It has become apparent that we lack ade- 
quate language with which to describe rela- 
tionships, yet bondedness is precisely what 
primate sociality is all about. Intuitively, we 
know what we mean by bondedness because 
wwe experience it ourselves, and we recognize 
it when it happens. The problem, perhaps, is 
that bondedness is an explicitly emotional ex- 
perience and language is a notoriously poor 
medium for describing our inner, emotional 
experiences. Because relationships do not 
have a natural objective cognitive dimension 
that we can easily express in language, com- 
paring the bondedness of different species is 
difficult (this may also explain why ethologists 
have invariably ducked the problem completely, 
preferring observable descriptions of behavior 
to grappling with what is going on inside the 
animal). 


cies, social relationships are not so much an 
‘emergent property of mating and parenting strat- 
‘egies as the means to achieving those strategies, 
A group of this kind is an implicit social con- 
tract: To form a group that provides a benefit 
of cooperation (for example, reducing preda- 
tion risk), members are necessarily obliged 
to trade off short-term losses in immediate 
benefits in the expectation of greater gains in 
the long term through cooperation, Fitness 
payoffs are determined not by an individual's 
immediate “here-and-now* personal fitne: 
but by the extent to which the group can gen- 
‘erate longer-term payofls for the individual, In 
effect, we are dealing explicitly with multi- 
level selection and the long-overlooked topic 
of niche construction (38), Once we understand 
this, the reasons why animals should invest in 
relationships become clear, Relationships. pro- 
vide the key to fitness benefits at the group 
level, and the “trickle-down” benefits are reaped 
by the individual (39). An individual 
prepared to invest in social strategies that ereate 
groups if, by doing so, it gains higher net 
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fitness (i.c., at the end of its lifetime) than 
pursuing more individualistic strategi 


What Microneurobiology Has to Tell Us 
‘There has, of course, been growing interest in 
recent years in some of the neurobiological 
correlates of social bonding. Particular interest 
has focused the role of oxytocin (and its male 
equivalent, vasopressin) in pairbonded species 
(40), but other neuropeptides have also been 
identified as playing an important role in so- 
cial bonding [e.g., endorphins (4/)]. In addition, 
4 parallel interest has been developing in the role 
of several specific neuronal assemblages, includ 
ing miror neurons (42) and so-called spindle 
cells in the anterior cingulate cortex (43), as well 
as in specific genes such as GLUD2 [a retro- 
gene, derived from glutamate dehydrogenase, 
hich is responsible for clearing the by-products 
of neuron activity (44)] and the abnormal spindle 
like microcephaly-associated (ASPM) gene and 
microcephalin, which are implicated in brain 
growth (45), 

Each of these has been seen by their respective 
protagonists as the holy grail for understanding 
both social cognition generally, and, in particular, 
for explaining. the differences between humans, 
apes, and monkeys (43, 46). There is no question 
that these are individually important and novel 
discoveries, and they undoubtedly all play a 
role in the nature of sociality. However, there is 
4 great deal more to how and why human: 
different from other apes, or why apes are di 
ferent from monkeys, We will need better studies 
of cognition and behavior to answer these ques- 
tions. More important, perhaps, is one key point: 
Species differences in a handful of very small 


neuronal components do not explain the apparent 
need for massive species differences in total brain 
size. Most of these studies fall into the same 
trap as the developmental explanations for brain 
size did in the 1980s: They mistake mechanistic 
constraints for evolutionary function. It is un- 
clear why this point continues to be ignored, but 
‘we will still have a lot of explaining to do about 
volumetric differences in brains. 
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REVIEW 


Social Components of Fitness in 


Primate Groups 


Joan B. Silk 


There is much interest in the evolutionary forces that favored the evolution of large brains in the 
primate order. The social brain hypothesis posits that selection has favored larger brains and more 
complex cognitive capacities as a means to cope with the challenges of social life. The hypothesis is 
supported by evidence that shows that group size is linked to various measures of brain size. But it 
has not been clear how cognitive complexity confers fitness advantages on individuals. Research in 
the field and laboratory shows that sophisticated social cognition underlies social behavior in 
primate groups. Moreover, a growing body of evidence suggests that the quality of social 
relationships has measurable fitness consequences for individuals. 


in primate groups rivals the best tele- 
L= soap opera—the weak are often 

exploited by the powerful; strong alli- 
ances and lasting bonds are formed: dynasties 
are established, but are occasionally toppled: 
and not all of your favorite characters survive 
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the season. Ecological constraints generate the 
dramatic tension, and natural selection crafts the 
plot. The complicated storylines reflect the fact 
that primates have evolved large brains, sophis- 
cated social cognition, and complex social 
relationships (Fig. 1). There has been consider- 


able discussion of the selective pressures that 
favor the evolution of large brains in social 
species (J-4), but it has has not been clear how 
large brains, social cognition, and social rela- 
tionships are translated into fitness advantages 
for individuals. New evidence indicates that the 
‘competitive success and reproductive perform- 
ance of individuals in primate groups is affected 
by the nature and quality of the relationships 
that they form. These data enable us to tie to- 
gether what we have learned from comparative 
analyses of brain morphology, experimental 
studies of social cognition, and naturalistic 
observations of the structure of social relation- 
in primate groups. 

What the Social Brain Knows 

The capacity to develop complex social relation- 
ships may be an important benefit derived from 
having a “social According to the social 
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intelligence hypothesis, the challenges of living 
in social groups have Favored the expansion and 
worganization of the primate brain (1, 2). The 
hypothesis is supported by comparative analyses 
that show that various measures of brain size are 
Positively related to the size of social groups in 
primates and other taxa. But if it were only the 
size of social groups that mattered, wildebeest 
‘would be wizards. Instead, small-brained wikle- 
beest grave the plains in largely anonymous 
unstructured herds. The primate’s social brain is 
specially designed to enable individuals to 
manage social relationships. Thus, bri 
also connected to what goes on within 
groups and is correlated with the size of 
grooming networks that primates form and the 
frequency of coalitions, social play, tactical de- 
ception, innovation, and social learning (2). 

Primates are endowed with cognitive abil- 
ities that are especially well suited to tracking 
social information, For example, primates are 
able to recognize individuals; identify kin; com 
pute the value of resources and services: keep 
track of past interactions with group members; 
‘make transitive inferences; discriminate between 
cooperators and d assess the qual- 
ities of prospective rivals, mates, and allies (3-5). 

Primates also know something about the 
nature of relationships between other group 
members (3-5), The first evidence that primates 
know something about the relationships of others, 
\hich is sometimes called third-party knowled 
came from playback experiments conducted on 
wild vervet monkeys (Cercopithecus aethiops) 
(6). When females heard the screams of their own 
offspring played fom a speaker hidden in the 
brush, they peered intently into the bushes. Other 
females sitting nearby did not look for the 
distressed juvenile, they looked at the mother. 
‘Their reactions indicated that they recognized the 
identity of the caller, and they were able to match 
the caller to its mother. Similarly, when monkeys 
are threatened by other group members, they a 
more likely to redirect aggression toward a rela- 
tive ofa former opponent than toward a random 
group member (7-10), and they are more likely to 
reconcile conflicts with close kin of their former 
opponents than with individuals who are un- 
related to those opponents (10, 11) 

Thint-party knowledge extends to domi- 
nance relationships. For example, male bonnet 
macaques (Macaca radiata) selectively recruit 
support from males that outrank both them- 
selves and their opponents (12), and female 
monkeys typically support the higher-ranking of 
‘wo opponents when they intervene in ongoing 
conflicts (4), These recruitment patterns indicate 
that monkeys know something about the rank 
relationship between other group members and 
prefer high-ranking alliance partners over lower- 
ranking partners. In playback experiments, fe- 
male baboons (Papio eynocephalus) responded 
more strongly to sequences of calls that simu- 


size is 
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lated rank reversals between females within their 
groups than to sequences of calls that fit the 
existing dominance order. Their reactions suggest 
that the females were aware of the rank relation- 
ships between other females and were surprised 
‘when interactions confounded their expectations. 
‘Similarly, male baboons’ reactions to simulated 
contests between closely ranked and distantly 
ranked pairs of males suggest that they can assess 
the rank distance between other males (/3). 
Primates also monitor the quality of rela- 
tionships between other group members. Ham- 
adryas baboons (P-hamadryas), which form 
‘one-male groups, do not attempt to take females 
from rival males when they see that the male 
and female have formed close bonds (14). Play- 
back experiments conducted on chacma baboons 
indicate that males keep tack of the mate- 
guarding activities of high-ranking males and 
respond with alacrity when they hear sequences 
of vocalizations that suggest that consortships 
have been disrupted and mating opportunities 
might be available (/5), When white-faced capu 
chin monkeys (Cebus capucinus) recruit allies, 
they take into account the quality of relationships 
between themselves, their opponents, and 
potential allies (/6). They selectively solicit sup- 
port from group members who have stron; 


contain multiple matrilines (sets of females 
related through maternal kinship lines), Females 
spend a substantial amount of time each day 
grooming and resting in the company of other 
group members. Females discriminate among 
potential partners and show strong biases in favor 
‘of close matemal kin (Fig. 2). Recent evidence 
indicates that nepotistic biases also extend to 
paternal kin, as females preferentially groom and 
associate with their paternal half-sisters (19-21). 
Patemal kin ties ofien cut across matrilines. 

In the Amboseli Basin of Kenya, some pairs 
of female baboons, particularly close maternal 
kin, form close and stable relationships (22), 
for partners are influenced 
y jeractions, Females who 
form enduring social bonds groom more equi 
tably than females who have more ephemeral 
relationships (Fig, 3), and this pattem holds for 
both matemal kin and others. We do not know 
whether females come to groom more equitably 
as their relationships become stronger or females 
preferentially maintain close relationships with 
those who groom them equitably, 

Kin biases in behavior are common among, 

als, but female macaques, baboons, and 
Vervets take nepotism one step further. ‘They 
form matrilineal dominance hierarchies in whi 


Fig. 1. Many primates, like these baboons in the Amboseli basin of Kenya, live in large and 
complex social groups. Baboons have been studied at multiple sites across Africa for decades, 


relationships with themselves than with their 
opponents. 


The Structure of Social Bonds 
Female baboons, macaques, and vervets provide 
‘a particularly well-documented example of the 
complex adaptive design of social relationships. 
Females in these species remain in their natal 
groups throughout their lives, whereas males 
disperse to prevent inbreeding (17, 18). Groups 
may number 20 to 100 individuals and usually 


maternal kin occupy adjacent ranks: When they 
mature, daughters attain ranks just below their 
mothers, and younger sisters outrank older 
sisters (23), Coalitionary support plays an im- 
portant role in this process, because immature 
females are selectively supported by close fe- 
male relatives when they are involved in 
conflicts with members of lower-ranking, matri- 
lines. Eventually, young females are able to defeat 
everyone that their mothers can defeat. The 
importance of matemal support for females is 
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revealed by what happens when mothers are 
absent, Small juveniles from high-ranking matri- 
lines can defeat larger juveniles from lower 
ranking matrilines when their mothers are nearby, 
but not when their mothers are some distance 
away (24-26). At one sit 
orphaned carly in life did not attain the ranks 
formerly held by their mothers (27, 28). 

Dominance relationships among females 
remain remarkably stable over long periods, even 
generations (/8), ‘There is some dispute about 
‘whether coalitionary support plays the same role 
ig dominance ranks among adult 
females as it does in establishing rank. Females 
intervene in conflicts among adult females at very 
Jow rates, which might mean that coalitions might 
play little role in maintaining the stability of 
dominance hierarchies (29). However, the low 
rate of interventions may underestimate their 
importance. The presence of potential allies (and 
knowledge of alliance partnerships) may be 
enough to deter challenges (30). Moreover, 
females sometimes ive vocal threats when they 
‘witness agonistic interactions, In the Okavango 
Delta, vocal responses are considerably more 
common than active intervention and appear to 
play a similar role (3/), 


The Function of Social Bonds 
Several lines of evidence suggest that afliliative 
social relationships matter to females. Females 
preserve time for socializing, even under harsh 
environmental conditions. In the dry season 
‘when food is searce, female baboons spend more 
ime foraging and moving between feeding sites 
and less time resting (32). However, they do not 
reduce the amount of time that they spend 
grooming and interacting peacefully with group 
members. 

Females are strongly affected by the loss of 
preferred companions. In the Moremi Reserve of 
the Okavango Delta, where predation rates are 
high, females who suddenly lost close kin 
experienced significant increases in gluco- 
corticoid levels (33, 34), indicating increased 
stress. These females’ responses were not simply 
the result of living through stressful events, 
because females who were present in the group 
at the same time, but did not suffer personal 
losses, were unalected. 

Females make adjustments in their social 
networks in response to demographic changes 
within their groups. In the Amboseli basin of 
Kenya, mothers and daughters form particularly 
lose and enduring social bonds, but relationships 
among sisters are more variable in strength and 
stability (2/, 22). Pairs of maternal and patemal 
sisters whose mothers are not present in the group 
have closer relationships than do sisters whose 
mothers are present in the group. In Moremi, 
females also compensate for the loss of favorite 
partners by adjusting their social networks (33). 
Females who lose close kin devote more time to 
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Fig. 2. The relationship between maternal and paternal kinship 
and the strength of social bonds among female baboons. The 
‘ategory of relatedness is plotted on the x axis, and the mean and 
standard error of values of the sociality index are plotted on the y 
axis. The sociality index is a composite measure of dyadic 
relationship strength based on the frequency of grooming and 


proximity. [Redrawn from (22)} 


grooming and expand the number of females that 
they groom in the weeks after the loss. 

Further evidence of the importance of social 
bonds comes from studies of clase associations 
that mothers of newborn infants form with adult 
males. Mothers are mainly responsible for main- 
taining proximity to their male associates, and 


Fig. 3. The relationship between grooming equality and bond 
stability among baboon females. Bond stability is measured as the 
number of consecutive years in which the same female was 
‘among a given female's top three partners (based on the sociality 
index measure described in Fig. 2). Grooming equality is a 
‘measure of the distribution of grooming within dyads, and varies 
from 0 when grooming is completely one-sided to 1 when 
grooming is evenly balanced. The mean and standard error of 
values for adult females are shown. (Redrawn from (27)] 
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they groom males much more 
than they are groomed in retum. 
(35, 36), Observational data (35) 
and field playback experiments 
(36) indicate that males prefer- 
entially protect their female as 
sociates from harassment, The 
value and scope of such protec 
tion may vary across sites (37), 
In southern Avfica, where immi- 
grant males often Kill unweaned 
infants and infanticide is a major 
cause of infant mortality (38), 
new mothers are fearful of immi- 
grant males, Lactating females* 
glucocorticoid levels rise sub- 
stantially when new males join 
the group and acquire high-ranking 
positions (39, 40), However, 
mothers who have established 
friendships with adult males expe- 
rience smaller increases in gluco- 
corticoid levels than do mothers 
who have not established such 
ssociations, In East Attica, in- 

fanticide is much less common, 
but mothers and their offspring may still gain 
benefits fom their associations with adult males, In 
Amboseli, adult males preferentially support their 
‘own juvenile offipring when they are involved in 
‘agonistic disputes (4/). 

‘A direct chain of connections links. social 
bonds to fitness outcomes in primate speci 
matrilineal dominane 
chies. Social bonds enhance the 
prospects for obtaining coalition- 
ary Suppor, coalitionary support 
affects dominance rank, and dom- 
‘nance rank influences reproduc 
tive performance. High-rankit 
females tend to mature at earlier 
ages, grow faster, produce healthier 
infants, have shorter interbirth 
intervals, and have higher lifetime 
fitness than low-ranking females 
(18, 42-44), The magnitude of 
the effects of dominance rank 
varies over time and across pop 
ulations. However, any reproduc 
tive advantages that high-ranking, 
females accrue will be magnified 
‘over time because dominance 
ranks typically remain stable 
across generations, High-ranki 
females will have high-ranking 
female descendants. 

For female baboons in Ambo- 
seli, the fitness consequences of 
‘sociality extend beyond the rela- 
tionship between dominance rank 
and reproductive performance 
(Fig. 4). Females who were more 
fully socially integrated into their 
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Fig. 4. The mother of a young infant (center) is groomed by an adult male (left) and another adult 
female. The female in the center wears a radio collar with an antenna, which allows researchers to 


locate the group on a regular basis. 


groups reproduced more successfully than other 
females (Fig. 5) (45). The postive relationship 
between sociality and reproductive suocesss might 
reflect the fact that some females lived in more 
favorable habitats or during more favorable time 
periods than others. ‘These females might have 
been more social and reproduced more successfil- 
ly than other females. However, the results remain 
‘unchanged when the measures of social integration 
are corrected to aocount for group membership and 
changes in environmental conditions over time. 
‘The relationship might also arise because high- 
ranking females have higher reproductive suc- 
cess and belong to larger matilines than lower- 
ranking females do. Again, the relationsh 
jon and reprodu 
success remains significant when dominance 
rank and lineage size are controlled statistically. 
There may be similar connections between so- 
ciality and fitness outcomes in other primate ta 
although the evidence is less complete. For exam- 
ple, females living in groups of red howler mon- 
keys (Alouatta seniculus) with more close kin had 
higher reproductive success than females living in 
groups with fewer close kin (46). It is not entirely 
clear why females benefit from living with close 
kin, Howler monkeys collectively defend their 
territories and practice extensi 7 
and it is possible that related females cooperate 
more effectively in intergroup encounters or pro- 
vide better care for one another's infants, 
Male chimpanzees (Pan troglodytes) provide 
interesting parallel to philopatric female ba- 
6). Males remain in their natal groups 
throughout their lives, whereas females usually 
disperse (47). Chimpanzees form fission’ fusion 
communities and frequently break up into smaller 
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partics. Like female baboons, males spend con- 
siderable amounts of time grooming one another 


and spend much of their time in the company of 


other males. Male chimpanzees also participate in 
a number of collective activities, including 
territorial patrols, coalitionary aggression, cooper- 
‘ative hunting, food sharing, and joint’ mate- 


02 


o1 


guarding. Males that groom one another often 
also participate together, 
indicating that males form strong and well- 
<ifferentiated relationships with one another, At 
Ngogo in Uganda, male chimpanzees preferen- 
tially groom, associate, support, share food, and 
patrol with their matemal brothers but do not show 
nilar preferences for patemal brothers (48). 
Males may gain important benefits from the 
onships that they form with other males. 
Males compete intensely for high-ranking. posi- 
tions within their groups, and males’ ability to 
obtain and maintain high rank is influenced by 
their ability to recruit support from other males 
(47), Although the political maneuverings of cl 
panzees may be more complicated than the 
nepotistic strategies of female baboons, the result 
is much the same, High-ranking male chimpanzees 
have priority of access to receptive females and 
‘can prevent other males from mating (47), Genetic 
analyses confirm that the top-ranking. mele sires a 
disproportionate number of infants (49, 50), Social 
relationships among male chimpanzees may also 
enhance the fimess of lower-ranking males, In one 
community, the alpha male selectively tolerated 
mating attempts by his allies. As a consequence, 
the mating success of males was more closely 
related to how offen they supported the alpha male 
than to their own dominance rank (51). 


collect 


re acl 


Future Directions 
‘The work summarized here suggests that variation 
in the quality of social bonds has fitmess con- 
sequences for individuals in some 

Primate species. For many pri- 

mate species, our knowledge 

about the structure and funetion 

of social bonds is much less 

‘complete. These gaps ereate difli- 

calties: when we try to compare 

mpact of sociality on fitness 
in spocies that live in groups of 
different size and configurations, 
ue the extent of social 
complexity across speci 
Itmay be profitable to extend 
these kinds of analyses to other 
taxa in which group size is linked 
to relative brain size, such as 
cetaceans, carnivores, insescti- 
vores, and ungulates (2). More- 


bs 


females’ lifetime fitness. [From (45)] 


1 2 3 

Composite sociality index 
Fig. 5. The relationship between social integration and repro- 
ductive success among baboon females. For each female, a 
composite sociality index was computed. This value represented 
the frequency of grooming and proximity to all adult partners. 
Here, composite scores were ranked and divided into quartiles. The 
‘mean and standard error of the socialty index for the least social 
females are on the left, and those for the most social females are on 
the right. Infant survival is based on the proportion of infants that 
survived to 1 year of age, a major component of variation in 


4 ‘over, it is important to recognize 
that primates have not comered 
the market on social complexity 
For example, spotted hyenas 
(Grocuta erocuta) establish matri- 
lineal dominance hierarchies, 
form coalitions, reconcile after 
conflicts, recognize patemal kin, 
hunt cooperatively, and recognize 
third-party relationships (52); an 
Alfican elephant (Loxodonta afri- 
‘aunus) can recognize the vocal 
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Fig. 6. Two adult male chimpanzees in Kanawara 
groom. Male chimpanzees participate in a variety 
of cooperative activities and form close social 
bonds. [Photograph taken by lan Gilby} 


izations of at least 100 other individuals (53); 
bottlenosed dolphins (Zursiops aduncus) form 
stable multilevel alliances (54); and rooks (Consus 
Jfiugilegus) console their partners after contlicts 
with other members of their flocks (55). For 
individuals in these species, there may also be 
important social components of fitness. 
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REVIEW 


Prospection: Experiencing the Future 


Daniel T. Gilbert™ and Timothy D. Wilson” 


All animals can predict the hedonic consequences of events they've experienced before. But 
humans can predict the hedonic consequences of events they've never experienced by simulating 
those events in their minds. Scientists are beginning to understand how the brain simulates 
future events, how it uses those simulations to predict an event's hedonic consequences, and why 


these predictions so often go awry. 


1 animals are on a voyage through time, 
navigating toward futures that promote 
their survival and away from futures that 
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threaten it, Pleasure and pain are the stars. by 
hich they steer. When animals experienoe plea- 
sure they hold a steady course, and when they 
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experience pain they tack. With a bit of practi 
most animals leam to associate pleasu 
pains with their antecedents 


and 
the smell of an 


approaching predator or the call of a beckoning 
‘mate—which enables them to steer toward plea 


sure and away fiom pain before they a 


tually ex- 


perience cither. When a mouse hides before a cat 
enters the room it is responding to an event that 
has not yet happened, and its ability to do so is, 
‘one of evolution’s most remarkable achievements, 
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Humans have this ability too. But they also 
have another ability that extends their powers of 
foresight far beyond those of any other animal. 
Just as retrospection refers to our ability to re 
experience the past, prospection refers to our 
ability to “pre-experience” the future by simulat- 
ing it in our minds, We know that chocolate 
pudding would taste better with cinnamon than 
dill, that it would be painful to go an hour with- 
ut blinking or a day without sitting, that winning 
the lottery would be more enjoyable than 
becoming paruplegio—and we know these things 
not because they've happened to us in the past, 
but because we ean close our eyes, imagine these 
events, and pre-experience their hedonic 
consequences in the here anx! now. Unfortunately, 
the conclusions that we draw in this way aren't 
always right. Trysts are offen better contemplated 
than consummated, and sweetbreads are often 
better the other way around, In this article we 
will review what scientists have discovered 
about how humans mentally simulate funure 
events and how well they can predict their 
hhedonie reactions to them, 


Mechanisms of Prospection 

‘The brain combines incoming information with 
stored information to build “mental representa- 
tions,” or internal models, of the extemal world. 
‘The mental representation of a past event is a 
memory, the mental representation of a present 
event is a perception, and the mental represents- 
tion of a future event is a simulation, One way 
to predict the hedonic consequences of a future 
event is to simulate it, and the brain’s frontal 
regions appear to play a critical role in that 
process (/-3). Patients with damage to the pre- 
frontal cortex are described as being “bound to 
present stimuli” (4) and “locked into immediate 
space and time” (5), Such patients seem unable 
to simulate future events and often have di 
culty answering simple questions such as “What 
will you be doing tomorrow?" (6-8). Neuro 
imaging studies reveal that both the prefrontal 
cortex and the medial temporal lobes are strong- 
ly activated by prospection (9-//), Interestingly, 
these regions are part of the “default network” 
that is active when people are not specifically 
engaged in other tasks (/2), which suggests that 
when the mind is not busy perceiving the 
present it tends to simulate the future (13). The 
critical role played by frontal regions suggests 
that few if any other animals are able to sim- 
ulate future events, and even our closest rela- 
tives in the animal kingdom may be “stuck 
time* (/4, 15). Although some animals have 
evolved strategies to solve problems involving 
future events such as impending food shortages 
(/6), it seems unlikely that they achieve these 
solutions by simulating future events. Indeed, 
the ability to simulate and pre-experience the 
future does not appear in human children until 
the third or fourth year of life, long after other 
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complex intellectual abilities such as language 
have bloomed (17). 

People mentally simulate future events, but 
how do they use those simulations to predict the 
event's hedonic consequences? As the mere 
thought of eating a liver popsicle reveals, mental 
simulations of the future can elicit hedonic re 
actions in the present (/8, 19), People use their 
immediate hedonic reactions to simulations as 
predictors of the hedonic reactions they are like 
ly to have when the events they are simulating 
actually come about (20-22). People donot 
wwine feeling anxious while having a colo- 
noscopy so much as they imagine a colonosco- 
py, feel anxious, and then take this anxiety as an 
icator of the feelings they can expect 10 ex 
perience during the procedure itself. Simulations 
allow people to “preview” events and to “prefec!” 
the pleasures and pains those events will produce, 
A great deal has been Ieamed in the past few 
years about the neural substrates of prefecling, 
For example, it appears that the activity of mid- 
brain dopamine neurons encodes information 
about the magnitude of pleasure that a future 
event is likely to produce (23-25), Simulation of 
pleasurable future events activates subcortical 
structures such as the nucleus accumbens (26) 
and the anterior regions of the ventral striatum 
(27), whereas simulation of painful future events 
activates the amygdala (28) and/or the posterior 
ventral. striatum (27), An extensive body of 
research shows that prefecling depends critically 
‘on the ventromedial prefrontal cortex and that 


T, 


Hedonic experience during simulation or 
“Prefeeling” 
4, 


are met. As Fig, | shows, when we are in the 
present (Tj) attempting to predict our hedonic 
reaction to an event in the future (H3), our 
present hedonic experience (Hj) is influenced 
by our simulation of the future event (¢}).as well 
as by contextual factors (2), such as the events 
that are occurring in the present, the thoughts 
wwe are having in the present, our present bodily 
states, and so on. We feel better when we imag- 
ing to the theater than to the dentist, but 
we feel better imagining either event on a sunny 
day than on a rainy day, or when we are well 
rather than ill. Similarly, our future hedonic 
experience (H3) will be influenced both by our 
perception of the event (e3) and by contextual 
factors (&). Because our hedonic experiences 
are influenced both by our mental representation 
of the event and by contextual factors, our 
present hedonic experience will be a reliable 
predictor of our future hedonic experience if and 
only if (i) our simulation of the event at Ty 
exerts the same influence on our hedonic ex- 
perience at T, as our perception of the event at 
Tp exerts on our hedonic experience at Tp, and 
(Gi) contextual factors at Ty exert the same in- 
fluence on our hedonic experience at Ty as 
contextual factors at T2 exert on our hedonic 
experience at Ts. In other words, Hy = Hy if and 
only if'¢) ~ e2 and & = &, Errors in prospection 
arise from the 


fact that people use their prefecl- 
ings to make hedonic predictions even when 
‘one or both of these conditions is not met. These 


‘errors are of four kinds, 


Hedonic experience during perception or 
"Feeling" 
4, 


Fig. 1. Hedonic experience is influenced by mental representations (simulations and perceptions) 


and by contextual factors. 


people with damage to this area find it difficult 
to pradict the hedonic consequences of future 
events (29). Although there is still much to eam. 
about its neural substrates, prefeeling clearly 
provides a basis for making hedonic predictions. 
Errors of Prospection 

Prefeetings will be reliable predictors of sul 


quent hedonic experiences when two conditions 


Simulations are unrepresentative. We natu- 
rally imagine our next dental appointment by re= 
membering our last one. Memories are the building, 
blocks of simulations (/3, 30-33), which is why 
amnesiacs who have trouble with retrospection 
tend to have trouble with prospection as well 
(7, 8, 34). Of course, simulations cannot accu- 
rately represent the future if they are constructed 
from memories that don't accurately represent the 
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past, and research suggests that people offen use 
Unrepresentative memories as a basis for simula 
tion. Forexample, when people who have missed 
trains in the past are asked to imagine missing a 
train in the future, they tend to remember their 
\worst train-missing experience rather than their 
typical train-missing experience, They then use 
this unrepresentative memory to construct a simu 
lation of theirnexttrain-missing experience, which 
leads them to overestimate how painful the next 
train-missing experience will be (35). Similarly, 
when people experience an unpleasant episode 
that ends in brief relief—for example, submerg- 
ing their arms for 90 s in a bath of ice water that 
is slightly warmed in the final 30 s—they tend to 
remember the closing moments of the experi- 
ence rather than the most typical moments. They 
then use this unrepresentative memory to 
construct a simulation of the event's recurrence, 
which leads them to underestimate how painful 
the recurrence will be (36, 37). It scems that 
everyone remembers their best day, their worst 
day, and their yesterday, Because unusual events 
and recent events are so memorable, people tend 
to use them when constructing simulations of 
fiture events, 

Simulations are essentialized, When we imag- 
‘going to the theater next week,” we don’t 
¢ every detail of the event, but rather, we 
imagine the essential features that define it 
imagine seeing a stage filled with actors but 
do not imagine parking the ear, checking our coat, 
or finding our seat. The problem with omitting 
inessential features from simulations is that such 
features can profoundly influence our subsequent 
hedonic experience. Most events have a small set 
of extremely positive or negative essential fea- 
tures that define them, as well as a large set of 
both mildly positive and mildly negative inessential 
features that don’t. The event's net hedonic effect 
is a weighted average of these, Because simula 
tions omit inessential features, people tend to pre 
dict that good events will be better and bad events 
will be worse than they actually tum out to be 
(38). The young couple who simulate the joys of 
parenthood but fail to simulate the drudgery of 
diapers are unlikely to have the hedonic experi- 
ence they imagined. 

‘The tendency for simulations to omit ines- 
sential features becomes more pronounced as the 
event being simulated becomes more temporally 
distant (39, 40). Participants in one study were 
told that in a year there would be an interesting 
lecture at an inconvenient location and a boring 
lecture at a convenient location, Because their 
simulations of the lecture contained the essential 
features (e.g. the topic) but lacked the inessential 
features (c.g, the location), participants predicted 
that they would attend the more interesting lec- 
ture. But participants who were told that the same 
lecture was taking place tomorrow instead of nest 
year tended to simulate both the essential and in- 
essential features, and thus predicted that they 
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would attend the more convenient lecture (47). 
‘The fact that simulations of far-future events are 
especially likely to omit inessential features is one 
of the reasons why people so ofien make future 
commitments that they regret when the time to 
fulfil them arrives 

Simulations are abbreviated. f we imagined 
cach and every moment of the events we were 
simulating, our simulations would take as long 
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represent the initial—and typically the worst 
‘moments of these events. The tendency to under- 
estimate how quickly we will adapt to a wide 
range of pleasurable and painful events is prob- 
ably the most commonly observed error in re- 
search on hedonic prediction (45). 

‘Adaptation takes time, and because simula- 
tions do not fully “play out” the events they rep- 
resent, people's hedonic predictions are typically 


BD Top card 
Bottom card 


Fig. 2. When students in a library were given a card with a $1 coin attached, they were in better 
moods 20 min later if they received the top card than the bottom card; however, when asked to 
simulate this event, students predicted that they would be in better moods if they received the 
bottom card than the top card (50). The bottom card is identical to the top card except that it 
includes the phrases “Who are we?” and “Why do we do this?” The inclusion of these phrases 
creates a question-and-answer format that gives people the sense that the event has been 
explained. The histograms show the average predicted and experienced mood as measured on a 


series of nine-point Likert-type rating scales. 


as the events themselves. Simulations are natu- 
rally abbreviated and represent just a few, select 
moments of a future event. The moments they 
select tend to be the early ones. When people 
imagine what their lives would be like if they 
won the lottery or became paraplegic, they are 
more likely to imagine the first day than the 
two-hundred-and-ninety-seventh. The problem 
‘with imagining only the carly moments of an 
event is that hedonic reactions to events typical- 
ly dissipate over time, which means that mental 
simulations tend to overrepresent the moments 
that evoke the most intense pleasure or pain. This 
is one of the reasons why healthy people consi 
cently underestimate how happy they would be in 
various states of ill-health (42-44), When people 
imagine “losing mobility,” they expect to be less 
happy than people who have experienced these 
events actually are because their simulations over- 


unaffected by those features of an event that will 
promote or inhibit adaptation over time (46-49), 
For example, people adapt to events much more 
quickly when they understand why those events 
happened. When students at a university library 
\were approached by a researcher and given @ $1 
coin, those who received an explanation for the 
‘event were less happy 20 min later than those who 
did not (Fig. 2). But when students were asked to 
simulate the event, they predicted that they would 
be happier if they received an explanation (50), 
Participants in another study were more satisfied 
with a gift when they were not given the oppor- 
tunity to exchange it because inescapability, like 
explanation, facilitates adaptation. And yet, par- 
ticipants who merely simulated receiving gifts 
failed to realize that they would be more satisfied 
with gifts that they couldn't exchange (48), Be- 
‘cause simulations tend to represent the carly mo- 
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ments of future events, predictions based on them 
tend to ignore things that happen in the later 
‘moments, 

Simulations are decontextualized. As men- 
tioned earlier, two conditions must be met for a 
person's present hedonic experience to be a reli- 
able predictor of their future hedonic experience, 
Firs, their simulation of an event (¢}) must exert 
the same influence on their present hedonic state 
(11)) as their perception of the event (e3) will 
exert on their future hedonie state (Hs). This does 
not always happen because compared to percep- 
simulations are unrepresentative, essential- 
ized, and abbreviated. The second condition that 
must be met is that contextual factors (@,) must 
exert the same influence on their present hedonic 
state (Hy) as contextual factors (€2) will exert on 
their future hedonic state (Hp). Unless Ty and Ts 
are brief and contiguous, this is unlikely to hap- 
pen because contextual factors—from the tem- 
perature in a room to the amount of glucose in a 
bloodstream —change over time. 

Research shows that people offen do not con- 
sider the potentially significant differences be- 
‘ween contextual factors at Ty and Ty when using 
their present hedonic state to predict their future 
hedonic state (5/). For example, hungry people 
mistakenly expect 10 like eating spaghetti for 
breakfast the next day, and sated people mistak- 
enly expect to dislike eating it for dinner the next 
day (52). People who have just exercised mis 
takenly expect to enjoy drinking water the next 
day more than do people who are about to exer 
cise (53). In both cases, people do not seem to 
realize that their present hunger and thirst are 
influencing their hedonic reactions to simulated 
future consumption. They ignore the fact that the 
contextual factors that are presently exerting an 
influence at Ty (ie., hunger and thirst) will not 
exert the same influence at Ta. Conversely, peo 
ple overestimate how unhappy they will be afier 
their team loses a football game (54) and how 
happy they will be after becoming wealthy (55) 
because they do not consider the fact that their 
hhedonie experience after an athletic defeat or a 
financial victory will be influenced by factors 
other than scoreboards and bank balances. They 
ignore the fact thatthe contextual factors that will 
exert an influence at T (e.g., weather, traffic, 
conversation, ete.) are not presently exerting an 
influence at T; (56). And indeed, when people 
are specifically encouraged to consider these con 
textual factors, their predictions become more 
accurate (54, 57). 


Conclusion 

‘Mental simulation is the means by which the brain 
discovers what it already knows. When faced with 
decisions about future events, the cortex generates 
simulations, briefly tricking subcortical systems 
into believing that those events are unfolding in 
the present and then taking note of the feelings 
these systems produce. The cortex is interested in 
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feelings because they encode the wisdom that our 
species has acquired over millennia about the 
adaptive significance of the events we are per- 
ceiving. Alas, actually perceiving a bear is a po- 
tentially expensive way to leam about its adaptive 
significance, and thus evolution has provided us 
‘with a method for getting this information in ad- 
‘vance of the encounter, When we preview the fi 
ture and prefee! its consequences, we are solic 
advice from our ancestors. 

This method is ingenious but imperfect. The 
contex attempts to trick the rest of the brain by 
mpersonating a sensory system. It simulates fu- 
ture events to find out what subcortical struc- 
tures know, but try as it might, the cortex cannot 
generate simulations that have all the richness 
and reality of genuine perceptions. Its simula- 
tions are deficient because they are based on a 
small number of memories, they omit lange num- 
bers of features, they do not sustain themselves 
over time, and they lack context. Compared 10 
sensory perceptions, mental simulations are mere 
cardboard cut-outs of reality. They are convine- 
ing enough to elicit brief hedonic reactions from 
subcortical systems, but because they differ from 
perceptions in such fundamental ways, the reac~ 
tions they elicit may differ as well. Although 
prospection allows us to navij 
that no other animal can, we 
we foresaw, 
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Leptin Regulates Striatal Regions 
and Human Eating Behavior 


|, Sadaf Farooqi,’* Edward Bullmore,” Julia Keogh,’ Jonathan Gillard,? 


Stephen O'Rahilly,* Paul C. Fletcher* 


eptin adipocyte-derived circulating 
[ hormone that provides information to the 
brain about energy stores (/). The brain 
response to leptin involves changes in energy ex- 
penditure and food intake. Leptin-deticient mam- 
mals, including humans, are markedly hyperphagi 
and leptin replacement reverses this. However, there 
is litle information about how higher brain centers 
integrate homeostatic signals such as leptin with 
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images of nonfood in the leptin-deficient and leptin- 
treated states. We used 10-cm visual analog scores 
to rate hunger, satiety, and the “iking” of food 
images (2). To examine the interaction with eating, 
we studied participants in fasted and fe states (2). 
‘After leptin treatment, hunger ratings in the 
fasted state decreased, and satiety following a meal 
increased (2), Whereas visual ir 
ited no differential 
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Fig. 4. Leptin regulates brain responses to food images. (A). Leptin reduces activation in the nucleus 
accumbens-audate and putamen-globus pallidus regions in subject 1 (S1) and subject 2 (62) (linear 
regression coefficients; mean + SE). Visual cortex showed no response to leptin. (B) Nucleus accumbens- 
caudate and (C) putamen-globus pallidus are activated by food stimuli (threshold P < 0.05; corrected for 
‘multiple comparisons). (D) A three-vay interaction between stimulus food versus nonfood images), fasted or 
fed state, and leptin localized to nucleus accumbens-caudate (ig. S1A). Mean corrected activity from this region 
{Y axis)is plotted against the ranked liking for foods. Each block comprised five foods; mean liking ratings for 
each block were ranked and plotted against nucleus accumbens-caudate activity for that block in the fasted 
(black) and fed (gray) states, pre- and postleptin. Before leptin treatment, activation in nucleus accumbens- 
caudate correlated positively with liking in both fasted (P < 0.05) and fed (P < 0.05) states. After leptin 
treatment, activation correlated with liking ratings only inthe fasted state (P < 0.05), 


the rewarding properties of food. We studied a 14 
year-old boy (subject 1) andl a 19-year-old git (sub- 
ject 2) with the very rare condition of congenital 
leptin deficiency, before and after 7 days of treat- 
‘ment with recombinant human leptin (2). Although 
no changes in body weight were scen over this 
leptin twatment had a major effect on food 
intake, Ad libitum energy intake ata test meal was 
reduced from 152 to 64 kUkg of lean mass and 
fiom 169 1 98 kiikg of lean mass in subjects 1 and 
2, respectively {normal ad libitum intake was 54 = 
12. ki/kg of lean mass (+ SD) in age-related controls 
used functional magnetic resonance 
differential brain 
vation by visual images of food compared with 
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in the leptinseplaced state, the Ikptin-deficient 
state was associated with marked activation in the 
anteromedial ventral striatum (nucleus accumbens 
and caudate nucleus) and posterolateral ventral stria- 
‘um (putamen and globus pallidus) (Fig. 1, A t0C). 

‘When asked to rate how much they liked each 
of the food images, lepin-deficient subjects in the 
fed state gave high ratings to all food images 
Afier leptin, the liking ratings 
were reduced (mean = 5.9 = 04). These 
behavioral responses were accompanied by a 
region-specific change in the evoked neural 
response afier leptin treatment. The ventral 
striatum (localized to nucleus accumbens-caudate 
nucleus) was identified as the site of an intera 


between stimulus type, fasting state, and leptin 
(Fig. 1D and fig. SIA). 

In the leptin-deficient state, accumbens-caudate 
activation correlated positively with liking ratings in 
fasted (P< 0.05) and fed (P< 0.05) states (Fig. 1D). 
In the leptin-treated state, accumbens-caudate 
activation corlated positively with liking ratings 
‘only in the fasted state (P< 0.05), an effect that was 
also seen in normal weight controls studied using 
the same paradigm (fig, S1B). 

We have shown that leptin markedly affects 
neural responses to visual food! stimuli, In patients 
\with congenital leptin deficiency, leptin administration 
results in an increased ability 1 discriminate between 
the rewarding propetis of food and, at the neuronal 
evel, in the modulation of activation in the ventral 
striatum. This interaction suggests that leptin modu 
lates feedingsclated mesolimbic sensitivity to visual 
food stimuli, Our findings are consistent with the view 
that activation in the ventral stata! region does not 
dlecly encode the “fiking” but rather the motivational 
salience or “Wanting” of food (4) In the leptin- 
deficient st, images of welh-tiked foods engender a 
greater wanting response, even when the subjct has 
just been fed. Afi pin 
images engender this response only in the fasted stt, 
aun effect consistent with the response in control sub- 
jects. Thus, wanting of food! appears to drive the cow. 
relation between ventral sriatal activation ancl liking, 

‘Our data support the notion that leptin aets on 
neural circuits governing food intake to di 
perweption of food rewant while enh 
response to satiety signals generated du 
‘consumption. These experiments thus provide 
functional neuroanatomical insights into the 
‘mechanisms by which leptin, the key peripherally 
derived signal encoding nutritional state, can 
interact with stimuli elated to the visual appear- 
ance and the recent ingestion af food to modulate 
spontaneous eating behavior in humans. 

References and Notes 

1, G J. Morton, 0, € Cummings, D. G, Basin, GS. Bars, 
MW. Schwartz, Noture 443, 289 (2006), 
Mateos and methods are avilable on Science Online 
1S Faroog et ol, Now Engl.) Med. 341, 879 (1999). 
.C Beni TE Robinson Tends Newesct 26, 507 (2003), 
Sappared by he Welcame Trust, the Medical Research 
Coane, andthe Woeo Foundation. We thank G, john 
and G. Murray for help with these studies. 
Supporting Online Material 
srw sciencemag.orgcgicontentul/114459970C1 
Materials and Methods 
Figs. $1 and 52 
Relerences 
3 May 2007; accepted 12 July 2007 
Published online 9 August 2007; 
1O.1126scence 1144599 
Include this infrmation when cing this pape. 


University Department of Medicine and Department of 
Cnical Biochemistry, Addenbrooke's Hospital, Univesity of 
Cambridge, Cambridge CB2 200, UK. “Brin Mapping Unit, 
Department of Pacha, Addenbrooke's Hospital, Univesity 
‘of Cambridge, Cambridge CB2 290, UK. ‘Department of 
Radiology, Adenbxooke’s Hospital, Unversity of Cambridge, 
Cambridge CB2 200, UK. 

“To whom correspondence should be addressed. Email: 
is20@camacuk (5-F.) oF pd22@cam.ac.uk (PCF) 


SCIENCE VOL317 7 SEPTEMBER 2007 


1355 


1356 


Bilayer *He: A Simple 
Two-Dimensional Heavy-Fermion 
System with Quantum Criticality 


Michael Neumann, Jin Nyéki, Brian Cowan, John Saunders* 


Two-dimensional hetium-3 (*He) provides a simple model for the experimental investigation of the 
emergence of quantum complexity in a strongly correlated Fermi system. We have observed two- 
dimensional, two-band heavy-fermion behavior in bilayer films of *He atoms when adsorbed on the 
surface of graphite preplated by a solid bilayer of *He. Thermodynamic measurements on this 
system showed that the relevant control parameter is the total density of the *He film. The *He 
bilayer system can be driven toward a quantum critical point at which the effective mass appears to 
diverge, interband coupling vanishes, and a local-moment state appears. It opens a new testing 
ground for theories of quantum criticality in heavy-fermion materials. 


tum critical points (QCPs) occur 

jwhen a material can be smoothly tuned 

with the application of an extemal control 

Parameter between competing ground 
states at the absolute zero of temperature (/, 2) 
‘Their importance arises because the quantum 
Muctuations seen at low temperatures can exert 
a profound influence on material properties at 
higher temperatures (3). The heavy-fermion 
loys provide important examples of 
such quantum criticality (4). In these systems, a 
lattice of f-electton moments couple to the 
conduction electrons via the Kondo interaction; 
at low temperatures, this results in a. lange Fer 
surfiwce incorporating the electrons. The la 
effective mass of the quasi-particles arises from 
the release of the spin entropy of the localized 
moments, In such Kondo-lattice materials, exter- 
nal control parameters such as pressure oF mag~ 
netic field can be used to tune to magnetic QCPS. 
However, the theoretical understanding of quan- 
tum criticality in these systems is a matter of 
controversy (5, 6). In different scenarios, the 
transition from the heavy-fermion state to anti- 
ferromagnetic order can involve the breakdown 
of the Kondo effeet and a sudden transformation 
of the Fermi surface at the QCP, or the formation 
ofa spin density wave. The mechanism by which 
the breakup of quasi-particles near the QCP 
occurs, the nature of the quantum fluctuations 
(local or itinerant), and the relative importance of 
spin and change degrees of freedom are all areas 
of active investigation. 

The *He atom has nuclear spin S the 
interatomic potential consists of a strong hard- 
core repulsion and a weakly attractive tal. 
Bulk liquid *He is the paradigm for strongly 
correlated fermions, and it played an impor- 
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tant role in establishing Landau Fermi-liquid 
theory as the standard theoretical model for 
these systems (7, 8). We report evidence for 
the emergence of heavy-fermion quantum 
criticality in a Muid bilayer of *He, a system 
that is simpler than the intermetallic com- 
pounds that have previously been the central 
focus of attention, 

Background: *He films on graphite, Two- 
dimensional (2D) *He has been extensively 
studied through measurements on atomically 
layered helium films grown on the surface of 
graphite (9). Particular attention has been given 
to the second layer of “He, which is grown on 
top of a dense solid first "He layer that forms a 
triangular lattice with a density of 11.2 atoms/nn’. 
At sufficiently low coverage, the second layer of 
‘He forms a 2D fluid, and at low temperatures, 
both its heat capacity (/0) and magnetization 
(11, 12) display the expected features of a Landau 
Femi liquid. At higher coverage, the second "He 
layer solidifies. Stabilized by the weak periodic 
potential arising from the solid first layer, the 
second-layer 2D solid forms a V7 * V7 trie 
angular superlattice (10) ata ratio of 477 between 
second- and firstlayer densities, comesponding 
to a second-layer density of 6.4 nm 7. The same 
superlattice structure is observed if the first *He 
layer is replaced by a monolayer of “He (/3) 
orby a bilayer of hydrogen deuteride (/4). In the 
latter case, the density of the V7 * V7 trian- 
gular superlattice is 5.2 nm 7. Upon approach- 
ing the density of this superlatice by inereasing 
the “He coverage of the second-layer fluid film, 
an apparent divergence of the effective quasi- 
particle mass has been observed: this was 
interpreted as a density-driven Mott-Hubband 
transition upon approaching half-flling of the 
superlattice (/5). 

It is established that the second-layer solid 
(Mott insulator) phase isa frustrated 2D magnetic 
system of S= % local moments on a triangular 
lattice. Frustration arises both from the lattice 


geometry and from competing intralayer atomic 
ring exchange interactions (16, 17). This ex- 
change gives rise to a low-temperature heat 
capacity maximum due to short-ringe magnetic 
order at T~.J., where J, is an effective exchange 
‘constant, As expected theoretically, no magnetic 
ordering transition is observed at finite temper- 
ature in this 2D system. Upon increasing the “He 
coverage further, a fluid overlayer forms and the 
second-layer solid is compressed somewhat, The 
‘competing exchange interactions are a function 
of the total coverage and may be determined 
‘experimentally (18, 79), In this way, the magnetic 
ground state may be tuned with coverage from 
quantum spin liquid to ferromagnetic (20) 
through intermediate states that are not fully 
understood. 

In the present experiment, we preplate the 
graphite surface with two atomic layers of solid 
‘He (2/) (Fig. 1, inset). The properties of a “He 
film grown on this surface are studied through 
measurements of heat capacity and magnetiza- 
tion as a function of coverage, over the tem- 
perature range 1 to 100 mK (22), The key feature 
of the “He bilayer adsorbed on this composite 
substrate is that we create a delicately balanced 
system of two strongly coupled fluid layers of 
He, the first of which is on the verge of 
localizatio 

Overview: *He bilayer. 
plified phase diagram ofa *He film grown on the 
graphite“He“He substrate. The first layer of 
4He (L1) initially forms a monolayer fluid, With 
increasing coverage, a second layer (L2) forms 
that is also fluid, The resultant “He fluid bilayer 
‘comprises an almost localized layer (L1) and an 
‘overlayer of itinerant fermions (L2); these layers 
are coupled together by particle exchange, Below 
haracteristic temperature To, this fluid bilayer 
has Fermi-liquid properties, with an enhanced 
quasi-particle mass, The effective mass of the 
heavy-fermion state at 7<< Ty increases with 
coverage, with an apparent divergence at a 
critical coverage ng, at which To collapses, 
Beyond this coverage, L1 is fully localized at 
all temperatures investigated, and the two layers 
decouple, The system then comprises a solid “He 
layer (LI) forminga $= magnet ona triangular 
lattice, and a fluid overlayer (1.2) with relatively 
weak correlations and moderate quasi-particle 
effective mass. 

Monolayer film. At coverage n < 6.3 nm 2, 
the film consists of a single atomic layer of 
He. The heat capacity (fig. 5) is of the form 
(1) = B + yT + TT?, where the leading order 
correction to Fermi liquid theory I< 0, as found 
previously for fluid monolayers on a different 
‘substrate (75). We may infer the effective mass 
from the linear term in the heat capacity, (23). 
Over the coverage range 4.0 to 60 nm 3, the 
effective mass ratio m*/m shows a modest 
increase from 2.8 to 3.9. The term B is a small 
apparent offset in the heat capacity observed 
at the lowest temperatures, similar to that found 
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in previous work (/0). This term is con 
ventionally attributed to. a small proportion of 
*He atoms localized by weak substrate hetero- 
geneity (fig. $4), 

He bilayer: Heavy-fermion phase. Heat 


bilayer forms, the most striking feature that 
develops is a maximum in the heat capacity 
(Fig. 2A, inset), The temperature of this maxi- 
mum, To, depends strongly on the density of 
layer L2; To decreases with increasing *He 
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strongly indicative 
tween LI and L: 

In Fig. 2A, we plot the heat capacity ¢(7) and 
(1) = [e(T) ~ B)Tas a function of temperature, 
Only well below Ty does y(7) tend to an ap- 


of interlayer coupling be- 


capacity isotherms show that promotion to a 
second *He layer (L2) oceurs ata total coverage 
£02 nm? (Pa in Fig. 1), As the Nuid 


coverag 


n= 


Fig. 1. Proposed phase dia- 
gram of He film adsorbed on 
Groote pated by a bayer of 

le. Pu indicates formation of 
the *He bilayer. Region A: T < 
Tp. L1 and L2 form a two-band 
hheavy-fermion system. Region 
> To. The two layers pro- 
gressively decouple into a 
strongly correlated, nearly local- 
ized narrow-band Fermi system 
(U1) and a weakly correlated 20 
Fermi fluid (L2). Region C: my < 
11 < Ng, intervening phase. Re- 
gion D: The two layers decouple 
into a 2D local-moment magnet 
(Mott insulator, U1) with fruse 


2 
2 
Fa 
3 
a 
— 
2 
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trated intralayer spin exchange and no magnetic phase transition at finite temperature, Tu= 
weakly correlated 2D Fermi fluid overlayer (L2).P.3 indicates the formation of a third *He layer. Inset 


isa schematic of the bilayer *He system (see text for details). 


Between 7.5 and 9.0 nm?, Ty de- 
creases from 58 to 12 mK ( 
of this qualitatively new effect in "He films is 


Total coverage ny; +m2(nm2) 


proximately constant value, as expected for a 
Fermi liquid. In this regime, we infer an el 
tive mass ratio m*/m from a determination of 
+(T—+ 0). Describing the heat capacity at T< Ty 
requires the inclusion of a thermally activated 
term in the heat capacity such that e(7) = B + 
T+ ye exp(-A/D), introducing 
A. Alternative fit functi 

of the parameter), The 
fered from yy shows a pro- 
nounced increase with increasing coverage. The 
largest value observed directly is m*/m = 18.9 at 
a coverage of 9.0 nm 7. These observations show 


24). The appearance 


below the characteristic temperature To (region A 
of phase diagram, Fig. 1). 

‘The heavy-fermion picture is supported by 
measurements of the nuclear magnetization, 
"1 Figure 2B shows the total sample magnetization 


M as measured by ficld-swept continuous-wave 
nuclear magnetic resonance (NMR) in a static field 
of B= 28 mT (25), For coverages below 9.0 nm 2, 
M is proportional to the uniform magnetic sus- 
cceptibility of the fermionic system, It exhibits a 


C) 20 40 60 80 
Temperature (mK) 

2. Heat capacity and magnetization data for a series of coverages 
) corresponding to a bilayer fluid film, L1 + L2. (A) Heat capacity 
divided by temperature, y(N, after subtraction of a small offset, = 0.25 = 
0.03 my/K, attributable to weak substrate heterogeneity. Inset shows heat 
capacity data from which these results are obtained, and includes two 
coverages close to layer promotion at 6.3 + 0.2 nm”, where L2 starts to 
form. The distinctive heat capacity maximum at Ta is driven toward T = 0 
with increasing coverage. Fits to heat capacity data are shown in the inset: 
fits to low-temperature data for T <To (LT, dashed line); fits to data at all 
temperatures (extended, solid line). For details, see text and supporting 
online material. (B) Total sample magnetization inferred from continuous- 


www.sciencemag.org 


Magnetization (a.u.) 


100 
‘Temperature (mK) 


wave NIAR at selected coverages. Data at 8.00, 8.50, and 9.00 nm™* show a 
clear maximum near To, The Curie-law magnetization of local moments 
with a density of 6.30 nm and the magnetization of an ideal Fermi gas 
are shown for comparison. Below To, a coherent heavy-fermion liquid 
forms with weakly temperature-dependent (Pauli) susceptibility. The 
upturn at the lowest temperatures, which is coverage dependent, may 
arise from spins localized by substrate heterogeneity. The magnetization 
‘isotherm at 1.0 mK [inset of (B)] shows a rapid growth in *He nuclear 
magnetization, starting at a coverage of 9.2 nm. For reference, the main 
figure shows the temperature dependence of the magnetization at cov- 
erages of 9.25 and 9.85 nm. 
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maximum close to the characteristic temperature 
To. At higher temperatures, data from all cover- 
ages converge toward the Curielaw magnetiza- 
tion of a film with a density of 63 nm7, 
corresponding to the density of layer LI (26). 
This Curie contribution of L1 dominates M rela- 
to the Pauli magnetization of L2. Further 
more, at the highest temperatures, the values of 
(7) correspond to an effective mass ratio of 
about 3. These magnetization and heat capacity 
data show that at T > Ty (region B of phase 
diagram, Fig. 1), LI and L2 are effectively 
decoupled into an Anderson lattice of almost 
localized fermions (L1) and a layer of weakly 
correlated itinerant fermions (L2). Thus, To 
appears 1 play the role of the Kondo-lattice 
temperature (27), 


Fig. 3. Critical behavior inferred 
from heat capacity data. The 
effective mass, determined from 
“yf at T << To, shows an apparent 
divergence at critical coverage ne= 
9.9 + 0.1 nm™ obtained from a 
linear extrapolation of mim*, The 
coverage dependence of To is 
consistent with a power-law scaling 
toward this critical coverage, To = 
8°, with 8 =1.—nngand a= 1.7 
0.1, where the error in the ex- 
ponent reflects the uncertainty in 
the critical coverage. The inferred 
“pseudogap” A is very sensitive to 
the fit procedure. Fits to low- 
temperature data for T < Tp (LT, 
blue diamonds) suggest a collapse 
to zero near 9.2 nm; extended 
fits over the entire temperature 
range are consistent with A c= 6° 
and o = 25 + 0.2. 


This behavior of the 7He bilayer is consistent 
‘ith the usual picture of heavy-fermion systems in 
which the high quasi-particle mass at low temper- 
atures arises from the conversion of the spin en- 
tropy of the almost localized electronic moments 
(28). In the present case, the entropy arises from 
the nuclear spins of the "He atoms in L1. 

Evidence for quantum criticality. A plot of 
the inverse effective mass ratio against coverage 
(Fig. 3) linear over the range of measurements, 
and it extrapolates to an apparent mass 
divengence at n= 9.9 = 0.1 nm 7, The coverage 
dependence of To, read from the heat 
capacity data, is consistent with a power-law 
sealing toward this critical coverage, Ty % 5", 
with = 1 — (n’n,)and a= 1.7 + 0.1. Because Ty 
and m/m* both appear to vanish, by 


75 80 85 90 


Coverage n (nm?) 


Fig. 4. Heat capacity datain 5) 7 
the intervening phase. Start- 
ing at a coverage of 9.25 
nm, the heat capacity ex- 
hibits a broad. secondary 
‘maximum at higher temper- 
ature. As showm in the inset, 
the temperature of this sec- 
ondary maximum linearly 
extrapolates to zero at a cov- 
erage near n. = 9.9 nm”. 


Heat capacity (mJ/K) 


H 92 94 96 98 100 
‘1 (nm?) 
oO A A 
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Temperature (mK) 


tion, at the same coverage, we identify n, as an 
apparent QCP of the *He fluid bilayer system, 

‘The “pseudogap” A also decreases approach- 
ing ne. However, the inferred A depends strongly 
‘on the fit procedure adopted (Fig, 3 and sup- 
porting online material). This prevents us from 
drawing robust conclusions on its scaling near 
the putative QCP. 

Near the QCP: Intervening phase. As the 
3He coverage is increased toward n,, the putative 
QCP is preempted by an “inter ‘ 
m= 9.2 nm ? (region C of phase 
The lower bound of this phase 


‘magnetization isotherm, taken at | mK ( 
inset). There is no clear signature of n in the 
‘magnetization data. However, heat capacity data 
for coverages in the range 9.2 t0 9.85 nm * (Fi 
4) show a secondary maximum at 
peratures, in addition to a low-temperature heat 
capacity peak. The temperature of this feature 
decreases toward zero, approximately linearly 
with coverage (Fig. 4, inset). It vanishes, 
linear extrapolation, at 9.95 * 0.05 nm 
marking the upper bound of the inte 
phase. This coverage coincides with ng, the QCP 
inferred previously from the extrapolation of 
‘min, We suggest that the intervening phase is 
hole-doped Mott insulator 

Selective Mott transition of L1: Decoupled 
layers. At coverages above the QCP at 9.9 nm * 
(at which the density of L2 is 3.6 nm), a 
uniform local-moment Mott insulator phase of 
L1 is found (region D of phase diagram, Fig. 1) 
‘Over the coverage range from 9.85 to 12.0. nm 4, 
data from detailed measurements of the heat 
‘capacity and magnetization (figs. S2 and $3) are 
fit by the sum of two independent contributions: 
solid (L1) and a 2D Fermi fluid (1.2), 
in the same way as previous data on magnetism 
of the second layer of pure *He films have been 
treated. ‘The heat capacity still exhibits a maxi- 
mum at T'~ J, which now arises fiom short- 
range magnetic order in the 2D frustrated magnet 
LI. The effective exchange constant inferred 
from the heat capacity, .f, decreases over the 
same coverage range from 6.5 to 4.5 mK, 
whereas the density of LI remains constant at 
6.3 <0.1 nm ®. This density is consistent with the 
formation of a 13/19 triangular superlattice (29) 
with respect to the underlying “He layer, whic 
has a density of 9.2 nm 2, At9.85 and 12.0 nm 2, 
the magnetization at 1 mK comesponds 0 0.3 Mua 
and 0.7Muy. respectively (Fig. 2B, inset), where 
Maa is the saturation magnetization of L1. The 
nature of the magnetic ground state of this 
frustrated 2D magnet is not understood. The 
effective mass ratio of the Fer 
inferred from fits to the heat capacit 
modestly from 2.7 to 3.1 over th 
ange, whereas its magnetic degeneracy temper- 
ature TF" inferred from magnetization data (26) 
is about 500 mK. 

We conclude that at n > ng the bilayer 
comprises a 2D ffustrated magnet (L1) and an 
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itinerant fluid overlayer L2, Effective mass 
renormalization due to critical uctuations, e 
pected at 2 > ne and arising from coupling 
between the mobile quasi-particles in L2 and 
‘magnetic fluctuations in L1, should be manifest 
in the temperature range 7-< J, but is beyond our 
current experimental resolution, 

Discussion. Retuming to the new heavy- 
fermion phase (region A), we interpret the 
Apparent mass divergence approaching the QCP 
a ne a a “bandwidth-controlled” Mott-Hubbard 
transition (30) of L1, driven by varying the den- 
sity of the overlayer L2, with only small changes 
in the density of L1. The maximum in (7), 
observed here in bilayer *He and not seen in the 
density-driven Mott transition in a fluid mono- 
layer (5), is evidence for the importance of 
interlayer interactions 

‘The natural model for the *He bilayer is the 
periodic Anderson model (PAM) of two hybrid- 
ized bands (31). This model features a sharp 
peak in the quasi-particle energy density of states 
at the Fermi energy, giving rise to a large mass 
renormalization, and a"pseudogap” (27, 32). The 
parameters of this Hamiltonian, in particular the 
bare dispersion in LI, the correlations in LI 
(modeled by an effective on-site repulsion), and 
the hybridization interaction (Kondo-like ex- 
change of particles between LI and L2), are all 
He coverage dependent, In the framework ofthe 
PAM, the layer L1, whose density we find re 
‘mains approximately constant, corresponds to a 
narrow band close to half-flling, Increasing the 
total coverage increases the density of L2, which 
has a wlatively wide bare bandwidth, The density 
of 12. should tune the correlations and bare 
bandwidth of Lt, as well as the hybridization 
interaction, 

‘The physical mechanisms can be pictured as 
follows. The effective hard-core repulsion felt by 
LI atoms due to L2 restricts their zero-point 
‘motion normal to the surface, and gives rise to a 
reduction of the bare bandwidth within L1. 
Equivalently, the van der Waals attraction be- 
tween the atoms in L2 and the composite 
substrate creates an effective pressure propor 
tional to the density of L2, which eventually 
causes LI to solidify. The hybridization ean be 
thought of in terms of “valence fluctuations” in 
LL, the ereation of a virtual particle-vacancy pair: 
A particle in L1 jumps into L2, leaving a vacancy 
in LI, and this vacancy is filled by another 
particle from L2. It is expected that this pro- 
cess will depend strongly on the density of L2 
(33, 34), a result that may be tested theoretically 
by path integral Monte Carlo calculations 

Concluding remarks. We have identified a 
new model system for studying the competing 
Physics of local-moment formation and Kondo 
coupling, to compare against the behavior of 
Felectron QCPs. Our key result is that the char- 
acteristic energy scale Tp, arising from Kondo- 
like imerlayer coupling, vanishes, by power-law 
extrapolation, at the same coverage 1c (QCP) at 
which the effective mass appears to diverge, 
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comesponding to the vanishing of the distinct 
energy scale T# (Fermi temperature). This ap- 
pears to be an example of local quantum 
criticality (35), and is in contrast to the usual 
application of conventional theory to heavy- 
fermion systems (J), which assumes a finite 
Kondo-lattice scale at the QCP. Consistent with 
this picture, we find that at higher coverages, 
above n, the uniform loca-moment phase of L1 
and the fluid overlayer L2 are decoupled. 

‘A number of unresolved questions remain 
conceming the detailed behavior in the vicinity of 
the QCP. The approach to the QCP at ne, 
identified by extrapolation of Ty and m/m*, is 
interrupted by a sharp increase in magnetization 
at ny. This has recently been discussed, in terms 
of the Kondo-breakdown QCP scenario, as evi- 
dence for a QCP at m (36). We note that a 
collapse of the “pseudogap” scale at m is 
consistent with the data, and that this onset of 
the imervening phase coincides with the eross- 
over in the two energy scales To and Je. Clari- 
fication will require a more detailed investigation 
of thermodynamic quantities close to this cover- 
age, as well as studies of the spin dynamics close 
1o the putative QCP. 

He is an intrinsically isotropic, neutral Fermi 
system in which the quasi-particle effective mass 
directly reflects the fermionic correlations, the 
spin-orbit interaction is negligible, and crystal- 
field interactions are absent. Mapping the bilayer 
system onto the various candidate models for 
quantum criticality remains a future theoretical 
challenge. The emergence of the rich behavior 
from the “He bilayer system—a variant of the 
Fenmi-liquid paradigm, liquid *He, with reason- 
ably well-established “bare parameters"—may 
contribute to an improved understanding of the 
far more complex heavy-fermion intermetallics, 
such as YORh3Si2 (37, 38). 
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Humans Have Evolved Specialized 
Skills of Social Cognition: The 
Cultural Intelligence Hypothesis 
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Humans have many cognitive skills not possessed by their nearest primate relatives. The 
cultural intelligence hypothesis argues that this is mainly due to a species-specific set of social- 
cognitive skills, emerging early in ontogeny, for participating and exchanging knowledge in 
cultural groups. We tested this hypothesis by giving a comprehensive battery of cognitive tests to 
large numbers of two of humans’ closest primate relatives, chimpanzees and orangutans, as well 
as to 2.5-year-old human children before literacy and schooling. Supporting the cultural 
intelligence hypothesis and contradicting the hypothesis that humans simply have more “general 
intelligence,” we found that the children and chimpanzees had very similar cognitive skills for 
dealing with the physical world but that the children had more sophisticated cognitive skills than 
either of the ape species for dealing with the social world, 


‘umans have brains roughly three times 
H yer than those of their nearest primate 

relatives, the great apes (I, 2), and of 
course have many cognitive skills not possessed 
by other primates as well, from language to 
symbolic mathematics to scientific reasoning. 
‘The questions from an evolutionary point of 
view—especially given the enormous energetic 
expense of a large brain (3)—are how and why 
humans have evolved such powerful and 
tive cognitive abilities requiring so much neural 
tissue. 

One hypothesis is the general intelligence 
hypothesis. Larger brains enable humans to 
perform all kinds of cognitive operations more 
efficiently than other species: greater memory, 
faster leaming, faster perceptual processing, more 
robust inferences, longer-range planning, and so 
on, The altemative is the adapted intelligence 
hypothesis (4). Cognitive abilities evolve in 
response to relatively specific environmental 
challenges, and so we may sce caching birds 
With exceptional memory skills, homing pigeons 
With marked skills of spatial navigation, bees 
\ith complex systems of communication, and so 
forth (5), In the case of primates, some theorists 
have proposed that the distinctive aspects of 
primate cognition evolved mainly in response to 
nging demands of fora 
is and resources embedded in 
substrates (the ecological intelligence hypothesis 
(6, 7)), whereas others have proposed that the 
distinctive aspects of primate cognition evolved 
‘mainly in response to the especially challenging 
demands of a complex social life of constant 
competition and cooperation with others in the 
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social group [the social intelligence hypothesis, 
(GID). 

In the case of humans, one reasonable 
hypothesis involves extending the primate 
social intelligence hypothesis to reflect the fact 
that humans are not just social but “ultra-social™ 
(12). That is, whereas primates in general have 
evolved sophisticated social-cognitive skills for 
competing and cooperating with conspecifics, 
humans have also evolved skills that enable them 
to actually ereate different cultural groups, each 
operating with a distinctive set of artifacts, 
symbols, and social practices and institutions. 
‘To function effectively in the cultural world into 
which they are bom, human children simply 
must keam to use these artifacts and tools and to 
participate in these practices, which require some 
special social-cognitive skills of social learning, 
communication, and “theory of mind” (13), 
‘Some other ape species transmit some behaviors 
socially or culturally (14, 15), but their species 
typical cognition does not depend on participat- 
ing in cultural interactions in the same way as it 
does in humans, who must (i) learn their native 
guage in social interactions with others, (i) 
aequire necessary subsistence skills by participat- 
ing with experts in established cultural practices, 
and (i) (in many cultures) acquire skills with ws 
ten language and mathematical symbols through 
formal schooling (/6). In the end, human adults 
will have all kinds of cognitive skills not pos- 
sessed by other primates, but this outcome will be 
due largely to children’s early emerging, special- 
ized skills for absorbing the accumulated skill- 
ful practices and knowledge of their social group 
(0 that a child growing up outside of any human 
culture would develop few distinctively human 
cognitive skills). Humans’ especially powerful 
skills of social-cultural cognition early in ontog- 
eny thus serve as a kind of “bootstrap” for the 
distinctively complex development of human cog- 
nition in general. We may call this the cultural 
telligence hypothesis. 


There have been no direct tess of the cultural 
telligence hypothesis, nor any direct compar- 
isons of it with other hypotheses of human 
cognitive evolution. The s intelligence 
hypothesis for primates in general is supported 
by positive correlations between relative brain 
size (ie., neoconex size) and social variables 
such as group size or grooming clique size [as an 
index of social complexity (1/, 17-20)]. This 
evidence provides support for the general social 
direction of the cultural intelligence hypothesis, 
but overall correlations do not tell us the basis of 
the brain size differences in terms of particular 
‘cognitive skills, nor do they help us to identify 
which cognitive skills humans may have that 
other primates lack. There have also been some 
experimental studies that directly compared the 
performance of several primate species on a few 
‘cognitive tasks, but in the only meta-analysis of 


‘cognition and humans were not represented (21), 
Several other experimental studies have directly 
‘compared some individual cognitive skills of 
humans (mostly children) and nonhuman pri- 
‘mates (mostly apes), but each of these studies has 
been conducted with different individuals, and 
indeed the ages of the children and the members 
‘of the nonhuman primate species are inconsistent 
across studies (22), 

What is needed to test the cultura intelligence 
hypothesis is a systematic comparison of a 
representative range of cognitive skills among a 
single set of human and nonhuman primate 
individuals, which has so far not been done, In 
such a comparison, the cultural intelligence 
hypothesis predicts that there should be an age 
in carly human ontogeny (specifically, an age 
before children have been seriously influenced by 
written language, symbolic mathematics, and 
formal education) at which humans’ skills of 
Physical cognition (conceming things such as 
space, quantities, and causality) ane very similar 
to those of our nearest primate relatives but at 
which their skills of social-cultural co 
(specifically those most directly i 
tural creation and Jeaming, such as social leam- 
ing, communication, and theory of mind) are 
already distinctively human, This is. in stark 
contrast to the general intelligence hypothesis, 
hich predicts that human cognition should ditter 
from that of other primates uniformly, with no 
difference between physical and social cognition, 

In the current study, therefore, we sought 10 
identify any distinctive features of human cog- 
nition that may exist at an early stage of ontogeny 
and, in this way, to assess and directly compare 
the cultural intelligence and general intelligence 
hypotheses of human cognitive evolution, We 
did this by administering a comprehensive 
battery of cognitive tests to a large number of 
chimpanzees (Pan troglodytes) (one of humans” 
two closest living relatives), orangutans (Pongo 
pygmaeus) (a more distantly related great ape), 
and human children (Homo sapiens) at 2.5 years 
‘of age. Of crucial importance to our analys 


were 
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the following: (i) all subjects fiom all three 
species were naive to the tests from the test 
battery; (ii) the apes lived in rich, semi-natural 
environments; and (ii) there was a sufficient 
number of subjects to properly test, as virtually 
1no previous studies have done, the role of gender, 
age, and temperament (measured in a separate 
test) as possible mediators of cognitive per 
formance on the tasks. 

Methods: the test battery and its adminis- 
tration, The Primate Cognition Test Battery 
(PCTB) was constructed based on the theoretical 
analysis of primate cognition by Tomasello and 
(2). In this analysis, the primary division is 
between physical cognition and social cognition. 
Although primates in their natural habitats 
regularly use skills of physical and social cog- 
nition together [e.g., foraging for food while 
competing with groupmates (23, 24)], in theory 
the two sets of skills are distinct because phys- 
ical cognition deals with inanimate objects and 
their spatial-temporal-causal relations, whereas 
social cognition deals with other animate beings 
and their intentional actions, perceptions, and 
knowledge. 

More specifically, in this analysis, primate 
cognition of the physical world evolved mainly 
in the context of foraging: To locate food, 


primates need cognitive skills for dealing with 
“space”; to choose wisely among multiple food 
sourves, they need cognitive skills for dealing 
with “quantities”; and for extracting food from 
difficult places, they need cognitive skills for 
understanding “causality” (including, for some 
species, the context of tool use). In this analysis, 
primate social cognition evolved because of the 
tension between cooperation and competition 
among group members: To manipulate the be~ 
havior of others, primates need skills of “com- 
(0 learn things vicariously from 
observing others, they need skills of “social 
Jeaming”; and to predict the behavior of others 
in competition, they need cognitive skills for 
understanding psychological states such as goals 
and perceptions (“theory of mind”). The PCTB 
therefore comprised the two domains of physical 
cognition and social cognition, cach of which 
comprised three cognitive scales (the six terms 
enclosed in quotes above), with each seale being 
constructed with one or more specific tasks 
composed of several items each. Most of the 
items were derived from previously published 
Studies of primate cognition (table S2), whereas 
others were created for the PCTB and validated 
before use with the chimpanzees and orangutans 
at the Wolfzang Kahler Primate Research Center 


Table 1. The PCTB, including domains, scales, and tasks (25). 
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in Leipzig, Germany. Table 1 briefly summarizes 
the structure of PCTB (25) (movies S1 to $32). 

The PCT was administered to three groups 
of participants, First were 106 chimpanzees (53 
males and 53 females; 3 to 21 years of age; mean 
age: 10 years) that lived either at the Ngamba 
Island chimpanzee sanctuary, Lake Victoria, 
Uganda, or at the Tehimpounga chimpanzee 
sanctuary, Republic of Congo, Second were 32 
orangutans (17 males and 15 females; 3 t0 10 
‘years of age; mean age: 6 years) that lived at the 
Oningutan Care Center and Quarantine in Pasir 
Panjang, Kalimantan, Indonesia. All of these 
apes live in the richest social and physical en- 
vironments available 10 captive apes and have 
grown up in close contact with humans who 
feed and care for them. Thind were 105 human 
children [52 males and $3 females; 2.5 years of 
age (£2 months)] fiom a medium-sized city in 
Germany. All children had been using language 
for ~1 year (25) (table $1), 

Participants were individually tested by a 
human experimenter, with the same experimenter 
testing a subject throughout the entire battery. 
Each participant completed all tasks in the PCTB, 
which took from 3 to hours altogether, gen- 
crally in the same onder across several days of 
testing (table $3), The human children were 


Domain Seale Task Description 
Physical Space Spatial memory Locating a reward. 
(1 item, 3 trials) 
Object permanence Tracking of a reward after invisible displacement, 
G items, 9 trials) 
Rotation Tracking of a reward after a rotation manipulation. 
(3 items, 9 trials) 
Transposition Tracking of a reward after location changes. 
items, 9 trials) 
‘Quantities Relative numbers Discriminating quantity. 
(21 item, 13 trials) 
‘Addition numbers Discriminating quantity with added quantities. 
(1 item, 7 trials) 
Causality Noise Causal understanding of produced noise by hidden rewards. 
(2 items, 6 trials) 
Shape Causal understanding of appearance change by hidden rewards. 
2 items, 6 trials) 
Tool use Using a stick in order to retrieve a reward which is out of reach. 
(21 item, 1 trial) 
Tool properties Understanding of functional and nonfunctional tool properties. 
(5 items, 15 trials) 
Social Social learning Social learning Solving a simple but not obvious problem by observing a demonstrated solution, 


(3 items, 3 trials) 


‘Communication 


Comprehension 


(3 items, 9 trials) 


Pointing cups 


(1 item, 4 trials) 


‘Attentional state 


(4 items, 4 trials) 


Theory of mind 


Gaze following 


3 items, 9 trials) 


Intentions 


Understanding communicative cues indicating a reward’s hidden location. 
Producing communicative gestures in order to retrieve a hidden reward. 
Choosing communicative gestures considering the attentional state of the recipient. 


Following an actor's gaze direction to a target. 


Understanding what an actor intended to do (unsuccessfully). 


(2 items, 6 trials) 
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tested on 5 days within a 2-week period, and the 
apes were tested on consecutive days, averaging 
a total of 8 days. Chimpanzees and orangutans 
were tested in a familiar room, and human 
children were tested in a child laboratory and 
accompanied by a parent who was told not to 
influence or help in any way. To measure the 
comfort level of participants in the test situation 
(because this could be a mediator of their 
performance in the PCTB), we also gave subjects 
(within the first 4 days of testing) a temperament 
test designed to assess their reaction to novel 
objects, people, and rewards (25) (tables $6 and 
$7), All testing was videotaped, 

For most of the tasks, a human experimenter 
(E1) sat behind a table facing the subject through 
4 Plexiglas window (children and some apes) or a 
mesh panel (apes only), The window had three 
holes at different positions, through which 
subjects could insert a finger to indicate their 
choice when necessary (figs. SI and S 
EL akways waited until the subject was 
her before beginning a trial, For trials 
requiring a choice, the position of the reward was 
counterbalanced across either two or three 
locations (depending on the task) but the reward 

vas never hidden for more than two consecutive 
trials in the same place. In a few tasks, subjects 
‘were tested in other setups, requiring them to do 
such things as to use a simple tool, follow gaze 
direction, oF gesture to El (25 
Subjects’ responses were initially coded live 
by El except for gaze-following trials, which El 


Fig. 1. Physical domain (A) and 
social domain (B). The box plots 


A 


coded from videotape affer the test. A second 
observer independently scored (fiom videotape) 
100% of the trials for human children and 
chimpanzees and 20% of the trials for orangutans. 
‘The inter-observer agreement for all tasks com- 
bined was 98% for orangutans, 99% for chim- 
panzees, and 99% for human chikiren (table $4), 

Results. Figure | presents the results at the 
most general level of analysis. Averaging across 
all of the tasks in the physical domain, humans 
and chimpanzees Were correct on ~68% of the 
trials, whereas orangutans were correct on ~59% 
of the trials (the absolute values are not especially 
‘meaningful because some tasks had a 50 or 3 
chance of success by guessing, and some tasks 
had no possibility for guessing), Statistically, the 
humans and chimpanzees did not differ from one 
another in the physical domain, but they were 
both more skillful than the orangutans (P< 0,001 
in both eases). In the social domain, a very 
different pattern emerged. Averaging across all 
of the tasks in the social domain, the human 
children were comect on ~74% of the trials, 
whereas the two ape species were correct about 
halfas often (33 to 36% of the trials). Statistically, 
the humans were more skillful than either of the 
two ape species (P < 0.001 in both cases), which 
ddid not differ from one another. 

Figure 2 presents the results at the level of the 
six seales. In the physical domain, there were no 
differences among species on the quantities scale. 
On both the space and causality scales, however, 
humans and chimpanzees did not differ from 


Physical domain 


show the full distribution of the 
proportion of correct responses for 
physical and social domains of the 
PCTB for each species: median, 
uartiles, and extreme values. Boxes 
represent the interquartile range 
that contains 50% of values (range 
from the 25th to the 75th percent- 
ile) The line across the box indicates 
the median, The whiskers represent 
maximum and minimum values, 
excluding outliers [indicated by 
circles, at least 1.5 times the inter- 
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proportion of correct responses 
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‘one another, but both were more skillfal than 
orangutans (P < 0,001 in all cases), The dif 
ference between chimpanzees and orangutans 
remained even afier controlling for age (25). In 
the social domain, the pattem was again different 
from the physical domain and the same for all 
three of the scales. Human children were more 
skillful than either of the ape species in each of 
the three social scales (?<0.001 in all eases), and 
the apes did not differ from one another. 

Table 2 lists species’ performance on the 16 
different tasks within cach of the scales (note that 
social learning is a scale and a task), The overall 
pattem is that within the physical domain, human, 
children and chimpanzees each were better at some 
tasks than the other, with orangutans often repre- 
senting an outlier, Within the four spatial tasks, 
children were better than chimpanzees at one task 
(object permanence), whereas the chimpanzees 
outperformed the children at another task (trans- 
position), In terms of quantities, all three species 
\Were similar at judging which of two quantities is, 
larger, but chimpanzees were better than both of 
the other species at combining quantities in order 
to make a judgment, Children were better than 
both ape species at the three causality tasks in 
which a judgment must be made before manipu- 
lation or choice, whereas chimpanzees were better 
than children and orangutans at the one causality 
task involving active tool use, Within the social 
domain, again the pattem was very diff 
predicted, the human children were consistently 
‘more skillful than both of the ape species (at five 


Social domain 


=— 


quartile range (i.e., 1.5 box lengths 
from the upper or lower edge of the 
box)] and extremes [indicated by 
asterisks, atleast 3 times the inter- 


quartile range (.e., >3 box lengths from the edge)]. Statistical comparisons 
on each domain were made by multivariate analysis of variance (MANOVA), 


ins: physical (Fz27= 19.921, P< 0.001, n? = 
311.224, P < 0.001, n* 


chimpanzee orangutan 


=0.14) and social F.25 
0.72). Univariate analyses for the interaction 


1362 


followed by analysis of variance (ANOVA) tests for each domain. Post-hoc 
tests (the Bonferroni correction was used when the equality of variances 
assumption holds, and the Dunnett t3 correction was used otherwise) 
followed in case a significant effect was detected. Performance on the PCTB 
as a whole differed significantly across species (MANOVA with species and 
gender as between-subject factors and performance in both domains of the 
PCTB as the dependent variables; Wilk’s Lambda: Fara = 123.965, P < 
0.001, 17 = 0.51). No statistically significant differences were detected 
between genders, but there was an interaction between species and gender 
(Witk’s Lambda: F472 = 2.815, P < 0.025, n? = 0.02). Univariate analyses 
(ANOVA) showed that the differences across species were significant for both 
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between species and gender revealed that there was a significant interaction 
for the physical domain (F237 = 5.451, P = 0.005, 1° = 0.04) but not for the 
social domain (F237 = 0.224, P = 0.799), Post-hoc tests (Dunnett (3 
correction) revealed that humans and chimpanzees performed better than 
‘orangutans in the physical domain (for both P < 0.001, with no difference 
between humans and chimpanzees). However, post-hoc tests (Dunnett t3 
correction) showed that human children outperformed both chimpanzees 
and orangutans in the social domain (both P < 0.001). Post-hoc tests for the 
interaction between species and gender in the physical domain showed that 
female children were better than male children (P= 0.001). No other gender 
differences were found. 
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out of six tasks), and the two apes did not differ 
fom one another on any task. 

To test for possibh 
individual variability, we computed a coefficient 
of variation and a 95% two-sided exact conli- 
dence interval for both domains for each of the 
three species (table $5). There were no significant 
species differences in variability. For two of the 
three species (humans and chimpanzees), there 
\was more individual variability in the social than 
in the physical domain (the trend for orangutans 
was in me direction but not significantly 
0), but this may be dueto the larger proportion of 


tasks with the possibility of chance success in the 
Physical domain (90% in the physical domain 
and 33% in the social domain), which provides a 
higher baseline for unskillful individuals (25). 

There was no effect of gender for any of the 
species on any of the social scales. On the phys- 
ical scales, chimpanzee males outperformed 
chimpanzee females on the scale space, whereas 
human females outperformed human males on 
the scale quantities. Human females also out- 
performed human males at the level of the 
physical domain as a whole (although this was 
not so for the two ape species). 
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In terms of temperament (operationalized as 
approach behavior to novel objects, people, and 
rewards), the human children were shyer or less 
interested in the novel items in the test situation 
than were the two ape species, which were bolder 
es) [(25) 
and tables $6 and $7]. Also, children’s tempera- 
‘ment measures did not correlate with any aspect 
i cognitive performance. For the two ape 
here was also no correlation of tempera- 
ment with any of the social scales, but ape 
individuals that approached novel situations 
more quickly (ie, were bolder and more in- 
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Fig. 2. Space (A), quantities (B), causality (C), social learning (D), com- 
munication (E), and theory of mind (F). The box plots show the full 
distribution of the proportion of correct responses on the six scales of the 
PCTB for each species: median, quartiles, and extreme values. Boxes, lines, 
whiskers, outliers, and extremes are as described in Fig. 1. Statistical com- 
parisons on each scale were made by MANOVA, followed by ANOVAs for 
each scale, Post-hoc tests (the Bonferroni correction was used when the 
equality of variances assumption holds, and the Dunnett t3 correction was 
used otherwise) followed in case a significant effect was detected. Per- 
formance in the physical domain differed significantly across species 
(MANOVA with species and gender as between-subject factors and 
performance in the three scales of the physical domain as the dependent 
variables; Wilk’s Lambda: Fe.470 = 6.934, P < 0.001, n* = 0.08). No 
statistically significant differences were detected between genders. 
However, there was a significant interaction between species and gender 
(Wilk’s Lambda: F470 = 2.393, P= 0.027, 17? = 0.03). Univariate analyses 
(ANOVA) showed that the differences across species were significant for the 
scales space (Fz,237 = 11.033, P < 0.001, n? = 0.09) and causality (Fz 237 = 
8.617, P < 0.001, 17 = 0.07). No species difference was found for the scale 
quantities (Fz.257 = 1.970, P = 0.142). Univariate analyses for the inter- 
action between species and gender revealed that there was a significant 
interaction for the scales space (Fz.257 = 4.095, P = 0.018, n* = 0.03) and 
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human chimpanzee orangutan 
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human chimpanzee orangutan 

‘quantities (F;,257 = 3.147, P= 0.045, 1? = 0.03) but not for causality (Fz.257 = 
0.199, P = 0.820). Postchoc tests (Bonferroni correction) revealed. that 
humans and chimpanzees performed better than orangutans in the scales of 
space and causality (for all P < 0.001), with no difference between 
chimpanzees and humans on these scales. Post-hoc tests for the interaction 
between species and gender for space showed that chimpanzee males 
outperformed females (P = 0.047). Post-hoc tests showed that human 
females outperformed males on the quantities scale (P = 0.004). No other 
‘gender differences were found. Performance in the social domain differed 
significantly across species (MANOVA with gender and species as between- 
subject factors and performance in the three scales of the social domain as 
the dependent variables; Wilk’s Lambda: Fe.470 = 96.846, P< 0.001, n? = 
0.55). No statistically significant differences were detected between gender, 
and no significant gender-species interaction was found. Univariate analyses 
(ANOVA) showed that the differences across species were significant for the 
all three scales: social learning (F, 237 = 382.145, P< 0.001, n° = 0.76), 
communication (F237 = 24.717, P< 0.001, n° = 0.17), and theory of mi 
(F2237 = 70.646, P < 0.001, y 0.37). Post-hoc tests (Dunnett t3 
correction) revealed that humans outperformed chimpanzees (P < 0.001) 
and orangutans (P < 0.001) in social learning, communication, and theory 
of mind. The performance of chimpanzees and orangutans in all three scales 
did not differ. 
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Table 2. Proportion of correct responses on each of the tasks across species. 
Statistical comparisons on each scale were made by MANOVAS (with species and 
gender as between-subject factors and performance on the different tasks within 
each scale as dependent variable), followed by ANOVAS (with species and gender 
as between-subject factor) for each scale and task. Pst-hoc tests (the Bonferroni 
correction was used when the equality of variances assumption holds, and the 
Dunnett t3 correction was used otherwise) followed in case a significant effect was 
detected. In case of important deviations of the model assumptions, 2 Kruskal- 
Walls test with postshoc Mann-Whitney U tests with the Bonferroni correction was 
performed. The tools tak was analyzed separately with a chi-square analysis 
because it consisted onty of one trial with ayes or no response. Space: Performance 
in the scale space differed significantly across species (MANOVA, Wik’s Lambda: 
Fasea = 11.273, P < 0,001, n? = 0.16). No significant diferences were detected 
between genders, and there was no significant interaction between species and 
gender. Univariate analyses (ANOVA) showed thatthe differences across species 
were significant for each spatial task: for spatial memory (Faa37= 

1? = 0.03), abject permanence (Fz237 = 27-911, P < 0001, 1 
(Fazay = 3.564, P < 0.030, 1 it 
Ot, y?=0.1) There wasa statistical siifcant ef for pat memon, bit 
post-hoc tests (Dunnett 3 correction) revealed no significant difference across the 
three species. Pair-wise comparisons (Bonferroni correction) for object permanence 
showed that humans performed better than chimpanzees (P < 0.001) and 
orangutans (P < 0,001). Chimpanzees performed significantly better than 
orangutans on the task rotation (P = 0.028). Post-hoc tests for transposition 
revealed that chimpanzees outperformed humans (P< 0.001) and orangutans (P< 
0.001) [see (25) for age effect). Quantities: Performance in the scale quantities 
differed significantly across species (MANOVA, Wik’s Lambda: Fy 72 = 3.994, P= 
0,003, 1? = 0.03), No statistically significant difference between genders was 
detected, and there was no significant interaction between species and gender. 
Because the model assumptions for an ANOVA were not met for both tasks within 
the quantities scale, nonparametric tests were performed. Kruskal-Wallis one-way 
ANOVA showed that the differences across species were significant for addition 
numbers (73 = 9.574, P = 0.008) but not for relative numbers (3 = 4.149, P= 
0.126). Postshoc tests, with Mann-Whitney U tests for addition numbers, revealed 
that chimpanzees performed better than humans (U = 4462.00, z =—2.556, P= 
0,011) and orangutans (U = 1192.50, z = -2.638, P = 0.008). The species 
difference in addition numbers between chimpanzees and orangutans remained 
even after controling forage by matching the age of chimpanzees and orangutans 
and comparing the performance ofthese individuals (U = 735.50, z=~2.540, P= 
0.011), Causality: Performance in the scale causality difered significantly across 
species (MANOVA, Wik’ Lambda: Faro = 33.093, P < 0.001, n° = 0.30). No 


statistically significant differences were detected between genders, and there was no 
significant interaction between species and gender. Univariate analyses (ANOVA) 
showed thatthe diferences across species were significant foreach causality task: 
for noise (Faaxy = 74.163, P < 0.001, n° = 039), shape (Fazny = 29,335, P < 
0.001, n? = 0.20), and tool properties (Fz37 = 20.211, P < 0.001, n° = 0.15). 
Post-hoc tests (Bonferroni correction) revealed that humans performed better than 
chimpanzees (P < 0.001) and orangutans (P < 0.001) on the noise task. The same 
Jifference was found for the shape task (chimpanzees, P < 0.001; orangutans, P< 
0.001) and for tool properties (chimpanzees, P< 0.001; orangutans, P = 0,003). 
Pesformance in tool use was significantly different across species (73 = 55.815, P< 
0.001). Pair-wise comparison revealed that chimpanzees outperformed humans 
(Fishers exact test, P< 0.001) and orangutans (Fisher's exact test, P< 0.001). The 
species difference in tool use between chimpanzees and orangutans remained even 
‘after controling for age by matching the age of chimpanzees and orangutans and 
‘comparing the performance of these individuals (Fisher's exact tes, P = 0.018). 
Social Learning: The social-learning scale was analyzed with a Kruskal-Wallis one- 
way ANOVA. A significant difference between species was found (73 = 183.301, P< 
(0.001). Post-hoc tess, with Mann-Whitney U test, revealed that humans performed 
betterthan chimpanzees (U = 255,00, 2 = —12.593, P< 0.001) and orangutans (U= 
56.50, z = -8.935, P < 0.001), which did not differ from one another, 
Communication: Performance in the communication scale differed significantly 
_across species (MANOVA, Wilk’s Lambda: F470 = 24.462, P < 0.001, nf? = 0.24). 
No statistically significant differences were detected between genders, and there 
was no interaction between species and gender. Univariate analyses (ANOVA) 
showed thatthe diferences across species wee significant forthe comprehension 
(Fazxy = 67.021, P < 0.001, n° = 0:36) and attentionalstate tasks (Faza7 = 
19.155, P < 0.001, n? = 0.14). However, there were no species differences in the 
pointing-cups task (F,25y = 0.087, P = 0,916). Post-hoc tests (Bonferroni 
correction) revealed that humans performed better than chimpanzees (P< 0.001) 
‘and orangutans (P < 0.001) on the comprehension task. The same difference was 
found in the attentionalstate task (chimpanzees, P < 0,001; orangutans, P < 
0,001). Theory of mind: Performance in the theory-of-mind scale differed 
Ears species (MANOVA, Wilk’s Lambda: F472 = 44.868, P <0,001, 

= 0.28) No statistically significant diferences were detected between genders, 
and there was no interaction between species and gender. Univariate analyses 
(ANOVA) showed thatthe differences across species were significant fr both the 
_gaze-following task (F, 25) = 23.096, P < 0,001, n? = 0.16) and the intentions task 
(Fazxy = 87.129, P < 0.001, 1}? = 0.42). Post-hoc tests (Bonferroni correction) 
revealed that humans performed better than chimpanzees (P < 0.001) and 
‘orangutans (P< 0.001) on the gaze-fllowing task. The same difference was found 
{or the intentions task (chimpanzees, P < 0.001; orangutans, P < 0.001), 


Human Chimpanzee Orangutan 
Physical 0.68° 0.68° 059 
Space 071° 071° 0.60 
Spatial memory 0.91 0.95 0.85 
‘Object permanence 0.79" 0.64 0.60 
Rotation 0.55 0.56° 0.46 
Transposition 0.57 0.70"° 0.47 
Quantities 0.67 0.68 0.63 
Relative numbers O71 0.66 0.64 
Addition numbers 0.64 0.69"° 0.61 
Causality 0.65° 0.66° 055 
Noise 0.85°° 0.61 0.56 
Shape 0.839 0.68 0.64 
Tool use 0.23 0.7400 038 
Tool properties o.71°° 0.61 0.63 
Social 0.7409 0.36 0.33 
Social learning 0.86°° 0.10 0.07 
Communication 0.7269 0.57 0.55 
Comprehension 0.84? 0.63 0.65 
Pointing cups 072 0.74 073 
Attentional state 0.59°° 0.34 0.26 
Theory of mind 0.65°° 0.40 0.36 
Gaze following 0.4s°° 0.22 0.17 
Intentions 0.85°° 0.59 0.56 


Superscripts indicate that values are significantly higher than human (H, chimpanzee (O, or orangutan (0) values 
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terested) performed better in the physical domain. 
In terms of inhibitory control, children showed a 
greater ability to inhibit than either ape species, 
and chimpanzees inhibited more readily than 
orangutans. There was a positive correlation for 
all three species of inhibitory control and cog- 
nitive performance in the physical, but not in the 
social, domain (25), 

Discussion, The current results provide 
strong support for the cultural intelligence hy- 
pothesis that human beings have evolved some 
specialized social-cognitive skills (beyond those 
of primates in general) for living and exchanging 
knowledge in cultural groups: communicating 
with others, learning from others, and “reading 
the mind” of others in especially complex ways. 
Young human children who had been walking 
and talking for about 1 year, but who were still 
several years away from literacy and formal 
schooling, performed at basically an equivalent 
level to chimpanzees on tasks of physical 
cognition but far outstripped both chimpanzees 
and orangutans on tasks of social cognition. This 
was true at both the most general and the most 
specific levels of analysis, for individuals never 
before exposed to these tess, and across the most 
comprehensive test battery ever given to multiple 
primate species 

‘The current results provide no support for the 
general intelligence hypothesis that human cog 
nition diflers fom that of apes only in general 
cognitive processes such as memory, keaming, oF 
rveptual processing, which should have led to 
children differing from apes in both the physical 
and social domains to an equal degree. However, 
should note that because the children were 
somewhat more skillful than the apes in the 
causality tasks not involving active too! manip 
lation, as well asin the tasks of social cognition, 
it is possible that what is distinctively human is 
not social-cultural cognition as a specialized 
domain, as we have hypothesized. Rather, what 
may be distinetive is the ability to understand 
unobserved causal forces in general, including 
(as a special case) the mental states of others as 
causes of behavior (22, 23, 26), Even in this ease, 
however, it is a plausible hypothesis. that 
understanding hidden causal forces evolved first 
to enable humans to understand the mental states, 
of other persons, and this generalized only laterto 
the physical domain (22), 

We may thus think of 2-year-old children’s 
cognitive development in the physical domain 
as still basically equivalent to that of the com- 
‘mon ancestor of humans and chimpanzees some 
6 million years ago (with perhaps a litle more 
ated understanding of causality out- 
the context of tool use) but their social 
cognition as already well down the species 
specific path. As one example, the finding that 
2.5-year-old children’s quantitative skills are 
basically equivalent to those of apes suggests a 
great ape “starting point” for human mathe- 
matical skills before serious instruction from 
adults (using written numerals) has begun (27). 
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Also, another recent study found that young hu- 
‘man children have preferences for spatial orien- 
tation similar to those of great apes, but okler 
children have preferences that align with those of 
cir culture, presumably asa result of experienc 
ing their culture's ways of dealing with space, 
including the use of particular kinds of spatial 
language (28). This provides one example of 
the kind of cognitive transformation that may 
result from children using their specialized social- 
cognitive skills to participate in the cultural prac 
tices around them. 

In terms of human evolution, itis likely that 
the crucial developments in skills of social- 
cultural cognition probably had not yet occured 
in H. erectus | 10 2 million years ago, because (i) 
their rapid pattern of brain growth during 
ontogeny was more similar to that of chimpan- 
zees than to that of modem humans (29) and (ii) 
there are few signs in this carly hominid of 
laborate cultural differences between groups 
(30). The ecological conditions within which 
post-erectus humans’ special skills of social- 
cultural cognition evolved are not known, but 
‘one hypothesis is that those skills evolved in 
support of especially complex forms of collabo 
tative activity, such as hunting or gathering, 
supported by special skills of communication 
and social learning (3/), These skills presum- 
ably grew out of carlier evolved primate skills 
of social cognition and learning in general, 
such as those that nonhuman primates display 
in their everyday interactions with groupmates 
in the wild, involving an understanding of the 
intentions, perceptions, and motivations of 
others (24). 

Itis certainly an issue that the test battery was 
both constructed and administered by humans. 
But in previous studies with these same tasks 
fiom the social domain, there is no evidence that 
the use of human versus conspecific interactants 
had any significant effect on performance (table 
$2) (25). And our temperament measures did not 
conrelate with performance on the social domain 
Of the test battery, which is where there were the 
largest differences among species (and indeed the 
children were more shy or less interested in 
general in the temperament task), providing no 
support for the notion that the apes related less 
well to the testing situation. In terms of test 
construction, we of course could have obtained 
different results with a different test battery. But 
the PCTB was constructed froma comprehensive 
theory of primate cognition based on the 
ecological tasks that primates face most 
commonly in both their physical and social 
environments. In general, we suspect that there 
‘would be more consensus among experts about 
the appropriateness of our tasks of physical 
cognition, whereas there might be more contro- 
versy about the social tasks. But a major factor in 
the choice of the social tasks was our focus on 
humans and the cultural intelligence hypothesis, 
and this meant testing those social-cognitive 
skills relevant to participation in culture by young 
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children and then secing the degree 19 which 
closely related species have these skills as well. It 
is perhaps relevant, in this regard, that domestic, 
dogs (Canis familiaris) (which, in some sense, 
have been selected to live in human cultures) do 
not perform as well as chimpanzees on tasks of 
physical cognition but outperform them on tasks 
‘of social cognition (32, 33). 

‘The role played by individual variability and 
gender in our results requires further investiga- 
tion. The finding that, at a very general level of 
analysis, there were no species differences. in 
cognitive variability is somewhat unexpected, 
given that apes are much more genetically var= 
‘able in general than are humans (34). Gender did 
not play a large role either. The one finding for 
gender with the apes (that male chimpanzees 
were better than female chimpanzees at space) 
fits with previous research, But our finding that 
human females were better than human males at 
tasks of physical cognition in general (and quan- 
tities in particular) does not fit so well with previ- 
‘ous research (35), though not so much research 
has been done with children this young, and so 
there may be developmental differences involved. 

‘The past few years have seen the sequencing 
‘of both the human and the chimpanzee genome 
(36-38) [the orangutan and bonobo (P panivcus) 
genomes are currently being sequenced}, with 
4 major goal being to identify domains of hu- 
‘man genetic distinctiveness, But to do this with 
specific reference to behavior and cognition, 
What is needed first are comprehensive and de= 
tailed comparisons among humans and closely 
related primates at the level of the phenotype, in 
terms of the actual behavioral and cognitive ski 
that have promoted survival and reproduction 
(39). A major avenue of future research is thus to 
use the PCTB to characterize the behavioral 
cognitive phenotype ofa wide variety of primate 
species. This could be done through systematic 
testing of carefully chosen representatives of the 
more than $0 genera of primates, which should 
then enable us to map out cladistically the e 
lution of primates’ most important’ cognitive 
skills at the Jevel of both the phenotype and, 
ultimately, the genotype. 
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Muscular Thin Films for Building 
Actuators and Powering Devices 


Adam W. Feinberg,” Alex Feigel,? Sergey S. Shevkoplyas,” Sean Sheehy,* 


George M. Whitesides,?* Kevin Kit Parker™* 


We demonstrate the assembly of biohybrid materials from engineered tissues and synthetic 
polymer thin films. The constructs were built by culturing neonatal rat ventricular cardiomyocytes 
on polydimethylsiloxane thin films micropatterned with extracellular matrix proteins to promote 
spatially ordered, two-dimensional myogenesis. The constructs, termed muscular thin films, 
adopted functional, three-dimensional conformations when released from a thermally sensitive 
polymer substrate and were designed to perform biomimetic tasks by varying tissue architecture, 
thin-film shape, and electrical-pacing protocol. These centimeter-scale constructs perform functions 
as diverse as gripping, pumping, walking, and swimming with fine spatial and temporal control and 
Generating specific forces as high as 4 millinewtons per square millimeter. 


uscle cells are microscale linear actua- 
Me driven by the activation of actin- 

myosin motors, coordinated in space 
and time through excitation-contraction (EC) 
coupling (J, 2). Structure-function relations are 
conserved over several orders of spatial magni- 
tude, from the sarcomere to the muscle bundle, 
by virtue of a hierarchical architecture. These 
architectures are achieved by morphogenesis 
programs that are responsible for coupling a 
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broad range of processes, fiom sarcomeregenesis, 
to the integration of the biochemical and elec 
trical networks that support muscle function (1). 
Muscle actuation occurs over a wide range of 
frequencies (0 to ~100 Hz), spatial dimensions 
G ym to2! m), and force regimes (~5 uN to >1 
KN) (3, 4). Artificial muscles can match certain 
temporal, spatial, or force regimes typical of 
biological muscle (5, 6), but they cannot fully 
replicate all of these capabilities, nor can they use 


the same high-density enengy sources. Thus, en- 
gincered muscle remains an attractive method for 
building actuators and powering deviees from the 
micro to macro scales. 

Device design with engineered tissues faces 
many of the same technical challenges as 
therapeutic cardiae tissue engineering [reviewed 
in (7)}, the most difficult of which is proper 
replication of morphogenetic coupling schemes 
in three dimensions. Tissue-engincered myocar- 
dium based on cardiomyocytes seeded into gels 
(8), rolled up from sheets (9), or released from 
surfaces (/) has demonstrated the potential 10 
produce actuators (/1), tissue grafts (12), and 
power microdevices (/3). The utility of these 
techniques is limited by the geometry of the de- 
vice, but recent work in soft lithography (14-16) 
has provided new techniques to replicate cell 
and tissue microenvironments in vitro, suggest 
ing an altemative means of achieving the func~ 
tionality of a three-dimensional (3D) device with 
a 2D tissue. 
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We reasoned that to mimic the functionality of 


ona free-standing, flexible thin film would allow 
three degrees of feedom during contraction. We 
built 2D anisotropic cardiac tissues by culturing 


dimethylsiloxane (PDMS) elastomer thin films, 
muscular thin films (MTFs), which remained 
planar during myogenesis and then were shaped 
and released into 3D. Shortening of car- 
diomyocytes during synchronous contraction 
caused the PDMS thin film to bend during sys- 
tole (contraction) and return to its original shape 
during diastole (relaxation). Based on the ability 
of these 2D planar shapes to adopt complex 3D. 
conformations (/7, 18), we leveraged the inher 
ent contractility of the cardiomyocytes to create a 
variety of proof-of-concept 3D actuators and soft 
robotic devices. 

We engineered three kinds of 2D myocardial 
tissue: isotropic (Fig. 1, A wo C), anisotropic 2D 
(Fig. 1, D to F), or an army of discrete muscle 
fibers (Fig. 1, G to 1) by passive seeding of dis- 
sociated ventricular cardiomyocytes on fibrone 
tin (FN)-coated or microcontact-printed (CP) 
surfaces (14, 1.5), Each tissue type was chara 
terized by distinet differences in sarcomere alg 
ment (ic. direction of contractility) as well as 


electromechanical coupling ( 
tropic 2D myo 


- SI) (19). Is0- 


indium had no net alignment of 
cell bodies (Fig. 1A) or sarcomeres (Fig. 1C). 
Anisotropic 2D myocardium had uniaxial ali 


‘ment of cell bodies (Fig. ID) and sarcomeres 
(Fig. 1F), fabricated by wCP of alternating hig 
and low-density FN lines based on previously 
described methods (/6). The array of discrete 
muscle fibers was similarly fabricated by using 
HCP of FN lines and had uniaxial alignment of 
cell bodies (Fig. 1G) and sarcomeres (Fig. 11). 
However, the electrical isolation between the 
fibers prevented spontancous contraction of a 
single fiber from causing the entire MTF 10 
contract (fig. $1). For both kinds of anisotropic 
tissue, the FN lines served as geometric cues for 
the inter- and intracellular organization of ear- 
myocytes into a tissue and the uniaxial cou- 
‘of sarcomere ensembles over length 
from microns to centimeters. 

Polymeric thin films were built by spin coat- 
ing a thermally sensitive sacrificial layer of poly 
(N-lsopropylacrylamide) (PIPAAm) on glass 
cover slips and then spin coating a PDMS thin 
film on top of the PIPAAm (fig. S2) (/9). The 
thickness of the PDMS film (14 to 60 jum) was 
controlled by varying the viscosity of the PDMS 
prepolymer and the spin-coating speed (fig. $3). 


Fig. 1. The microstructure of the 2D myocardium was engineered to be isotropic or anisotropic to 
control contractility. Uniform FN coatings produced isotropic 2D myocardium (A to ©) with no long- 
range order. (C) Staining for sarcomeric «-actinin revealed no preferential alignment of sarcomeres 
along any axis. Micropatterns of alternating high- and low-density 20-um-wide FN lines (D to F) 
produced continuous anisotropic 20 myocardium. (F) Staining for sarcomeric a-actinin revealed 
Uniaxial sarcomere alignment. Micropatterns of alternating 20-um-wide lines of high density FN 
and Pluronic F127 (BASF Corp., Florham Park, New Jersey, USA) (G to 1) produced an array of 
discrete muscle fibers. (I) Staining for sarcomeric c-actinin revealed uniaxial sarcomere alignment. 
Images are phase contrast [(A), (D), and (G)]; immunofluorescence of nuclei (blue), F-actin (green) 
and sarcomeric c-actinin (red) [(B), (E), and (H)]; and the signal from sarcomeric «-actinin alone 
[(Q, (F), and ())] to indicate and emphasize the direction of sarcomere alignment. 
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Once cured, canliomyocytes were seeded onto 
the FN functionalized PDMS/PIPAAm-coated 
cover slips and cultured at 37°C for 4 to 6 days 
until a 2D myocardium was formed. At 37°C, 
PIPAAm was hydrophobic and remained solid 
when in contact with water, which ensured that 
the PDMS remained on the cover slip. When 
removed from the incubator and cooled to room 
temperature (~22°C), the desired MTF shape was, 
manually prepared with a scalpel; aqueous dis- 
solution of the thermally sensitive PIPAAm layer 
released the MTF. The PDMS thus served a: 
detachable, biocompatible substrate for the 2D 
tissue, Once in solution, the MTF spontancously 
adopted a 3D conformation determined by its 
film properties or was fashioned to create more 
complex 3D shapes. While the cardiomyocytes 
provided cither spontancous or paced contractile 
function, the PDMS thin film allowed me: 
sculpting of functional form 
ity, and improved handling characteristics. Spe- 
cif the PDMS film thickness dictated MTF 
bending stiffness, and its structural integr 
allowed the muscle sheet to be formed into a 
variety of 3D shapes without disrupting the 2D 
musele tissue. 

The 3D deflection of MTFs depended on the 
direction of tissue alignment relative to the 
PDMS thin-film geometry (lig. S4 and movie 
S1), For example, on similarly sized rectangles, 
aligning anisotropic 2D myocardium along the 
width (fig. S4A), length (fig. S4B), and diagonal 
(fig. SAC) resulted in deformation along. those 
axes with minimal deformation along the or- 
thogonal axes. These results illustrate the relation 
between uniaxial sarcomere alignment (Fig, IF) 
on (fig. S4). A similar correlation 
has been reported between cardiomyocyte align- 
‘ment and longitudinal and transverse conduction 
velocities in anisotropic 2D myocardium (16), 

To test our hypothesis that the constructs 
would display biomimetic functional 
fabricated simple oscillators, soft robotic actua- 
tors, and motile devices that could walk and 
swim, Soft robotic actuators were constructed 
with MTFs by controlling process parameters 
a coupling to dictate the 3D conformation 
sanding construct and the contraction 
(19). Thin-film thickness (fig. $3) could 
be varied to control diastolic MTF conformation. 
The clastic modulus for Sylgard 184 PDMS 
elastomer is 1.5 MPa (20), whereas the el 
modulus for rat cardiomyocytes is ~30 kPa (21), 
a difference of two orders of magnitude, The 
MTF bending stiffness was dominated by the 
PDMS, which ranged from 0.5 to 30 N/m, 
MTFs, for which the PDMS thickness was 
greater than ~25 um, remained planar during 
diastole, In contrast, thinner films adopted a 
curved conformation as soon as the MTFs were 
released from the cover slips (Fig. 2), which 
defined two possible modes of systolic film 
bending, flexion, or extension. Which surf 
cardiomyocytes were on, convex oF con 
was controlled by the cure temperature of the 


restorative el 


ve, 
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PDMS, 22°C (room-temperature cure) or 65°C 
(heat cure), respectively (19). We des 
‘number of 2D shapes as templates engineered to 
adopt defined 3D conformations after release 
from the cover slip 

When MTFs with 2D myocardium on the 
ntracted, the radius of film 
curvature decreased, bending the film further out 
(flexion), For example, lo 
strips with 
their length (Fig. 2A), In this configuration, the 
MTF transitioned from a loosely rolled. state 
(diastole) to a tightly rolled state (systole) during 
spontaneous, ¢ 
sttess produced by this rolled MTF at peak sys- 
15 kPa per contraction [c 


wed a 


concave surface 


of pl lar 


ic contractions (movie $2), The 


le 


tole was 4 


culated by measuring MTF radius of curvature at 
peak systole and solving a modified Stoney’s 
equation (fig. $5) (/9), MTF contraction was 
faster than rel 


laxation; this temporal asymmetry 


Was measured by plotting change in the diameter 
as a function of time (Fig. 2B and movie S2). 
This feature has applicatio 

pumping of viscous fluids si 


in_valveless 


lar to the 


embryonic vertebrate heart tube by peristaltic 
action ( 3), 
Further, these rolled MTFs are reminiscent of 


2) or hydroclastic impedance (2. 


Fig. 2. MTFs were usedto build 
soft robotic actuators with cus- 
tomized functionality, (A) The 
coiled strip had anisotropic 
myocardium (on the concave 
surface) aligned along the rect- 
angle length that cyclically 
contracts from an uncoiled to 
coiled state. (B) This isa 3D plot 
of the coiled strip’s diameter as. 
a function of time, where peak 
systole is noted with asterisks. 
This shows the temporal asym 
metry between the rapid coiling 
rate (contraction) compared with 
the slower uncoiting rate (re- 
laxation). (C) The helical linear 
actuator was a rectangular strip 
with discrete arrayed muscle 
fibers [on the convex surface 
(Gee inset} that spontaneously 
adopted a helical conformation. 
(D) Tracking the tips [yellow 
circles in (C)] shows cyclic ex- 
tension and rotation at 0.5 Hz 
pacing. (E) The “gripper” was a 
long, rectangular strip with 
lengthwise-aligned anisotropic 
myocardium (on the concave 
surface) that brought the tips 
together upon contraction. (F) 
Tracking the tips [yellow circles 
in ©] as a function of pacing 
rate demonstrated control of 
diastolic tip separation and the 


period the gripper was closed per second (error bars represent SD). For each 
MTF, the schematic illustrates the 2D shape and cardiomyocyte alignment 
before release and the subsequent 3D conformation [red arrows in (A), (C), 
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the laminar structure of the ventricle, where 
anisotropic sheets of cardiac muse! 


to form a cavity whose blood: 

reduced during systole (24. 
When MTFs engineered with 2D myocardi- 

um on the convex surface contracted, the radius 


of film curvature increased (or even inverted), 
bending the film back in plane (extension). We 
made helical MTF actuators capable of cyclic, 
jon and rotation created by aligs 


muscle fibers 5° to 15 
axis to the ler PDMS nex 
2C). These constructs spontaneously adopted this 
helical conformation (like a paper towel tube), 
Where the piteh was a function of the 


off- 


between the longitudinal axis of the 


nisotropic 


tissue and the midline of the thin film, Contrac- 


tion of the MTF resulted in a decrease in helical 
pitch while maintaining a constant inner radius 
(movie $3), producing ~300 um of axial ex- 
50° of circumferential rotation (F 
2D). Although this is in contrast to the rolling 
2A, this 


functional scheme is consistent with alternative 


tension and 


structure depicted in F 


theories of diastolic ventricular function which 
suggest that the ventricles can act as a suction 
pump (25) 


We built a soft robotic gripper that uses 
electrical stimulation protocols to produce tonic 
contraction of the MTF with prescribed stre 
and grip radius (Fig. 2E and movie S4), An 
ed using parallel, platinum 
wire electrodes on either side of the gripper, and a 
function generator controlled voltage amplitude 
(10 V, 10 ms pulse-width) and stimulation fre- 
quency (/9), Specifically, pacing liequency was 
modulated from 0.25 to 5.0 Hz to control systolic 


electric field was crea 


bending of the gripper and hold the longitudinal 
2F). During 
contraction, the ends of the gripper come together 


ends at a prescribed separation (F 


until they touch and stop due to the contact force. 
Ra ply opening and closing once, 
the gripper was switched from an open state 
(diastole) to a tonic, closed state during 
ie until the MTF entered 
nerating constant stress in 


her than sit 


ystole by 


increasing the paci 
tetanus at SH | 
excess of 25 kPa (fig. S6)]. So, whereas gripping 
objects by hand is achi ng 
rate and motor unit recruitment, in our devices, 
we could accomplish this only with the former 
(26). Shaping and functionalizing of the distal 
ends of the gripper has potential for enabling 
tasks such as binding and manipulation of single 


ed by increased fi 


cells and small biological samples. 
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and (E) indicate direction of film bending]. The video still images show the 
construct in diastole at time 0.00 s and in systole 0.60 to 1.20 s later. Scale 
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> 


(Diastole) 


Fig. 3. Myopod capable of autonomous or remote-controlled walking. The 
‘myopod was formed from a triangle MTF, with isotropic myocardium (on the 
convex surface) manually folded into a 3D shape. (A) The motion is illustrated 
in a schematic side view and live top view as it starts in diastole and steps 
forward during systole. During systole the myocardium contracted, causing the 
“teq” to extend and push the myopod forward. As the leg relaxed during 
diastole, the angled footpad prevented the myopod from slipping backward. 


Fig. 4. The triangular MTF swim- 
‘mers demonstrate that tissue micro- 
structure, film shape, and pacing 
rate collectively contributed to mo- 
tility. (A) The MTF triangle swimmer 
was realized by aligning anisotropic 
‘myocardium parallel to the height of 
the triangle (red arrows denote 
direction of film bending). Tracking 
the MTF through subsequent video 
frames showed that (B) the relaxed 
construct contracts by (©) pulling the 
tail (tip) of the triangle in toward the 
base, (D) As the triangle relaxed and 
returned to its original shape, it 
produced a propulsive force that 
drove the MTF forward. (E) Compar- 
ison of similarly shaped triangle 
swimmers with anisotropic or iso- 
tropic myocardium revealed the 
importance of tissue structure in po- 
tentiating motility. At 0.5 Hz pacing, 
the anisotropic swimmer, (F) starting 
from rest, (G) surged ahead after 
13 5, (H) Tracking frame-by-frame 
displacement showed that the an- 
isotropic swimmer was ~5 times as 
fast as the isotropic swimm 
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(B) Frame-by-frame video 
(denoted by black dots; 
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1) The anisotropic swimmer’s velocity was a function of pacing rate, 


revealing a maximum swimming rate of ~24 mm/min at 1.0 Hz pacing. Pacing voltage was 10 V except 
for spontaneous contractions in (I). Ruler markings in (F) and (G) are 1 mm. 


We can engineer MTF actuators with many 
functional shapes, but do they generate enough 
force to be useful? Isometric contraction of MTFs 
demonstrated specific forces of | to 4: mN/mm™ 
$7), comparable to tissue engineered myo- 
cardium (8, 9) and native cardiae muscle (19). Uin- 
like artificial muscles, MTFs demonstrate moderate 
contractile forees, high strain, fast actuation, and 
low power consumption (5, /9). On the basis of 
these findings, we reasoned that MTFs could move 
by mimicking the locomotion of simple organisms. 

MTFs were engineered for use as autono- 
mous, or remotely controlled, soft robotic 
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vehicles. In this comtext, remote control refers to 
control of contraction rate using electrical field 
stimulation, Locomoting constructs, myopods, 
were designed to walk along the bottom of a Petri 
dish in a directed path under spontancous or 
paced contractions (Fig. 3 and movie $5). The 
myopod was formed from a triangular MTF with 
isotropic 2D myocardium (Fig. 1A) rather than 
the anisotropic 2D myocardium (Fig. 11D), dem- 
onstrating that, in this case, microscale control of 
tissue microstructure was not required for mo- 
tility. Rather, the spatial symmetry brea 
wved by folding the tip of the triangl 


REPO! 


Be 


Y (mm) 


ot 2 * 4 
X (mm) 


tracking of the front of the myopod at 1-s intervals 
linear regression denoted by solid tine) shows 


consistent and directed locomotion at a speed of ~8 mm/min at 1 Hz pacing 
(10 V amplitude). Myopod relative velocity (~2.7 lengths/min) is similar to that 
reported by Xi et al. (~3.7 lengths/min) for their muscle-powered microdevice 
(13); however, the myopod can be reconfigured by refolding it it 
conformation and does not require microfabrication to build. Scale bars, 1mm. 


to another 


Joop reattached midway along the height to 
footpad (Fig. 3A). The MTFs re- 
we because the exposed PDMS is hydro- 


conti 


phobic on the non-cell side, which sticks to itself 


in aqueous solution and provides a convenient 
way to fabricate complex. 3D shapes. When 
paced, the myopod moved with constant velocity 
(Fig. 3B). 

We reasoned that 2D MTFs could replicate 
the anguilliform swimming motion of a Basilo- 
saurus with properly engineered tissue registered 
to the appropriate thin-film Autono- 
mous and remotely controlled swimming MTFs 
engineered from ~30-1m-thick PDMS 
films cut into isosceles triangles with the 
otropic myocardium assembled parallel to 
the height of the thin film (Fig. 4A). Field 
stimulation induced a propagating contractile 
wave (Fig. 4, B to D) that resulted in inercasingly 
greater orthogonal deflection of the MTF toward 
the tip. Comparing similar triangle swimmers 
With isotropic or anisotropic 2D. myocardium 
(Fig. 4E and movie $6) demonstrated that tissue 
microarchitecture was critical in potentiating 
mobility. During a typical experiment (Fig, 4, F 
and G), the anisotropic swimmer traveled ~5 
times as far, with an average velocity of 3 mnv 
min, The isotropic tissue failed to contract in a 
manner necessary for generating propulsion, 
twitching and drifting at a rate of 0.6 mmimin 
(Fig. 4H). 

As in the case of the soft robotic gripper, the 
électrical pacing protocol applied to the MTF 
swimmer could be tailored to maximize swim- 
ming velocity and min t 
(ic., maximize distance traveled per contractile 
cycle) (Fig. 41 and movie $7), The swimming 
motion was separated into two phases, burst 
(systole) and coast (diastole, passive propulsion) 
This swimming technique is used by species such 
as the zebrafish, where a single tail flip is fol- 
owed by a phase where the fish keeps its body 
(27). Maximum velocity (24 mm/min) 


ometry, 


nize the metabolic 
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4D. 
Slower pacing at 0.5 Hz resulted in periodic dips 
in the velocity as the coasting speed deteriorated 
before the next contractile eyele. Faster pacing at 
2 Hz interrupted the power stroke before it was 
completed. These findings show that the stimu- 
lation frequency may be varied to optimize MTF 
function, Zebrafish larvae transition from low to 
high Reynolds number swimming by increasing 
tail-beat frequency and bend amplitude (degrees) 
and shifting bend location, which suggests that 
similar performance is possible with MTF swim- 
mers (28), We have scaled this swimming be- 
havior from Re ~0.1 to ~10 for 2 mm to 1.2 em 
length-scale MTF swimmers. It should be 
possible to scale-up these swimmers further (to 
Re > 100), bec sh use the same burst- 
and-coast behavior from larvae (~4 mm) to adult 
(-35 mm) length-scales (27), 

Can we leverage these capabilities to build 
more advanced soft robotic actuators and 
devices? One possibility is to borrow biological 
design principles from organisms such as octopi 
that use elastic, muscular appendages for com- 
plex movements such as bipedal locomotion and 
articulated joints (29). Another is to scale-up 
force generation by increasing the thickness of 
the 2D myocardium or by combining multiple 
MTFs in parallel. Beyond devices, analysis of 
MTF deformation during contraction also has 


potential for studying biomechanics of myocar- 
dial sheets as a model for the laminar muscle of 
the ventricular wall, 
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Imaging of Arsenic Cottrell Atmospheres 
Around Silicon Defects by Three- 
Dimensional Atom Probe Tomography 


Keith Thompson,’ Philip L. Flaitz,” Paul Ronsheim,” David J. Larson,* Thomas F. Kelly” 


Discrete control of individual dopant or impurity atoms is critical to the electrical characteristics 
and fabrication of silicon nanodevices. The unavoidable introduction of defects into silicon during 
the implantation process may prevent the uniform distribution of dopant atoms. Cottrell 
atmospheres are one such nonuniformity and occur when interstitial atoms interact with 
dislocations, pinning the distocation and trapping the interstitial. Atom probe tomography has 
been used to quantify the location and elemental identity of the atoms proximate to defects in 
silicon, We found that Cottrell atmospheres of arsenic atoms form around defects after ion 
implantation and annealing. Furthermore, these atmospheres persist in surrounding dislocation 
loops even after considerable thermal treatment. If not properly accommodated, these atmospheres 
create dopant fluctuations that ultimately limit the scalability of silicon devices. 


and the subsequent ereation of point de- 
fects in Si form the basic materials used 
to fabricate semiconductor field-effect devices. 
Each electrically “active” dopant atom contib- 


T: controlled placement of dopant atoms 
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utes an electrical carrier to the lattice. A non- 
homogeneous distribution of dopant atoms, as 
measured over the nanoscale regime, could cre 
ate a corresponding fluctuation in the electrical 
characteristics of that region. In macro-sized 
devices, these localized fluctuations average out 
over the relatively large area of the device and 
therefore have a negligible impact on overall 
performance. Now that device scales are reach- 
ing the nanometer regime, localized fluctuations 
are having an inereasingly important impact on 


the electrical characteristics of individual devices. 
Imaging of individual dopant atoms is essential 
to the development of advanced nanoscale de- 
vives and is therefore an area of intense interest 
among the semiconductor community (/-4). 

Si wafers are most often doped with As, P, 
or B atoms. Because of the relatively large 
size of the As atom, its diffusivity is orders of 
agnitude lower than that of P or B. This low 
diffusivity makes As a desirable candidate for 
nanometer-scale device technology (5, 6). The 
ion implantation of dopant atoms, particularly 
the heavier As ions, almost always results in 
the simultaneous creation of undesired defects. 
The subsequent evolution of these defects as a 
function of thermal annealing is well docu- 
mented (7-9). After ion implantation, the Si lat- 
tice is heavily damaged or possibly amomphized 
because the Si atoms have been ballistically 
removed from their lattice sites, The result is a 
high concentration of interstitial Si atoms, Si, 
with a corresponding supersaturation of Si 
vacancies, Vis. The application ofa small amount 
of thermal energy (~400° to 600°C) is sufficient 
to repair the Si crystal structure, In reasonably 
pure Si, the Si, atoms coalesce into energetically 
favorable {311} rod-like defects (8, 9). Where a 
high areal concentration (> ~10'/em?) of im- 
purity atoms is present, the Si, atoms instead form 
to spheroidal defects of varying size (8, 10). 
During continued thermal treatment, the sphe- 
roidal defects coalesce and grow into larger de- 
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fects, following an Ostwald-ripening process. 
Continued thermal treatments result in the com- 
plete dissolution of the original defects in favor 
of dislocation loops aligned along the {111} plane 
(9, 11). These loops are stable against continued 
thermal annealing even to temperatures that ex- 
ceed 1000°C. 

When interstitial impurity atoms. interact 
with a dislocation, Cottrell atmospheres may 
form (12). Interstitial atoms—for example, As 
atoms in Si—distort the lattice slightly, causing 


interstitial moves into the dislocation. Because 


this is an energetically favorable state, both the 
dislocation and the interstitial are pinned. The 
presence of Cottrell atmospheres in implanted Si 
may help to explain and to predict the evolution 
of dislocation loops in Si. 

Secondary ion mass spectrometry (SIMS) 
and transmission electron microscopy (TEM) 
have been used to correlate indirectly the pres- 
ence of dopant atoms with the evolution of de~ 
fects, and detailed models have been proposed 
t account for these experimental correlations 
(7-11). However, unambiguous quantitative 
formation regarding the precise location of 
individual dopant atoms relative to the known 
defects has not been available. 


PRET 


¥ 
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Laserassisted atom probe tomography 
(APT), a technique capable of rapidly analyzing 
large volumes of non-electrically conducting 
material, can provide three-dimensional (3D) 
mapping of individual dopant and other im- 
purity atoms within Si (/3-25). The technique 
involves application of a high voltage to the 
base of a eryogenically cooled, needle-shaped 
specimen and continuous pulsing of the tip of 
the specimen with a focused laser. In the ease 
of Si, the sample is formed into a needle-shaped 
specimen with a focused ion beam (2¢ 
applied voltage creates a high ek 


to 40 Vinm, at the apex of the needle, The 
laser pulse temporarily heats the specimen tip, 


Fig. 1. (A to C) TEM images showing the As-rich defect region and the end-of-range damage layer after annealing at 600°C for 30 min. 


A B 
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2. (A and B) APT data showing spheroid-shaped As-rich defects after annealing at 
600°C for 30 min. Two viewing angles are shown; Si atoms appear as gray dots (only 
0.5% are shown for visual clarity) and As dopant atoms as purple dots. Chemical 
isosurfaces associated with O and As highlight the surface oxide and the As-rich defects. 
(© Mass spectrum of As-rich defect formed after annealing at 600°C. (D) 1D concentration 
profiles of As determined by SIMS, and of As and O as determined by APT. 
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providing just enough thermal energy for a sin- 
ale ion to escape from the end of the needle. 
The liberated ion follows the field lines to a 
collector plate, which provides the \-Y spatial 
resolution, The sequence of evaporation events 
provides the depth, or Z, dimension. The timing 
of the pulsed events enables mass resolution via 
time-ol-flight spectroscopy. The result isthe atom- 
by-atom mapping of a material of interest with 
4 spatial resolution on the order of the atom 
locations, or ~0.2 to 0.4 nm, This resolution is 
sullicient to describe dopant atom positions rel- 
ative to and within local defects (/9-25). 

“The samples for analysis were ereated by im- 
pla * 10" As atoms/cm? at an accelerating 
energy of 50 keV into {100} Si. The wafers were 
tilted at 7° to the (100) plane during the implant. 
‘The first sample underwent annealing at 600°C 
for 30 min, The second sample underwent the 
same annealing at 600°C followed by addi- 
tional annealing at 1000°C for 30 s. 

Figure | shows TEM images for the sample 
that underwent the 600°C anneal. Two de 
regions are apparent, The expected end-of- 
range damage region occurs 85 nm into the 
sample, Ata depth of 35 nm, there exists a 
second damage region associated with a high 
concentration of As atoms, The high-resolution 
images show that these defects are spheroidal 
in nature and that some of the defeets have 
already started to evolve 
In addition to the defects, the images show a 
native oxide layer, ~2 nm thick, on the surf 
of the sample, 


A 


2.4 um 
Fig. 3. (A and B) TEM images for 
the As-implant sample after an- 
nealing at 600°C for 30 min, then 
at 1000°C for 30 s. (C) EDS anal- 
ysis of As in dislocation loop, 
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The 3D atom map obtained via APT anal- 
ysis is shown at two different viewing angles 
in Fig. 2, A and B. Knowledge of the atom 
identities and locations allows for the con- 
‘struction | concentration surfaces around 
regions of unique chemical composition. In this 
case, an O isosurface is constructed at 10 atomic 
% O, which highlights the surface oxide. The 
chemical roughness of this layer is calculated 
at 0.3 nm. Isoconcentration surfaces may sim- 
ilarly be drawn with respect to the As atoms. 
In this case, such a surface was defined at an 
As concentration of 2 atomic %. The surfaces 
display spheroidal regions of Si, inside of which 
the As concentration exceeds 2 atomic %. Ci 
relation of Figs. 1 and 2 indicates that these As 
regions occur at the sime depth below the sam- 
ple surface as the defects observed by TEM and 
are therefore assumed to be directly associated 
with the defects imaged by TEM. 

Figure 2C displays the mass spectrum as ob- 
tained from several of the As-rich defects. In this 
spectrum, there are 52,887 + 230 Si atoms and 
2539 = 48 As atoms in the displayed defects, 
indicating an As concentration of 4.8 atomic %. 
‘The background As concentration in the region 
of the defects is 1.2 atomic %, indicating that 
the actual As atoms trapped within the defect 
represent 3.6 atomic % of the atoms. The ex- 
cess impurity concentration at a defect site, rel- 
ative to the background impurity concentration, 
can be defined as Cay = Caa? exp(whT), where 
Cyc is the localized As concentration, C,° is the 
background As concentration, & is Boltzmam 


constant, T's the formation temperature, and wis 
the binding energy between the defect and the 
‘excess impurity atom. In the case of the 600°C 
anneal studied here, a binding energy of 0.1 eV is 
calculated for the As atoms trapped within the 
jentfied defects. 

Atomic concentration as a function of depth 
into the wafer can be determined by both APT 
and SIMS, We used both methods to obtain these 
profiles for As, and APT to obtain them for O 
(Fig. 2D), Overall, the results correlate well. The 
2-nm-thick native oxide is apparent in the atom, 
probe measurement, Considerable As segrega- 
tion into the oxide is revealed, The APT indi 
cates As in the native oxide at a concentration of 
3 * 10%’, whereas SIMS analysis indicates 
10™/cm*. APT provides equal collection efficien- 
cies for atoms across the mass spectrum, whereas 
SIMS analysis at interfaces suffers fiom aberra- 
tions associated with variable sputter and ioniz- 
tion rates as a function of material type (28-31), 
APT therefore provides a more accurate analysis, 
than SIMS at the interface of dissimilar mate 

‘The As profile reaches a peak concentration 
of 6 * 10cm? at a depth of 35 nm, which is 
the location of the As-rich defeets, No anom= 
alies in the 1D concentration profile are detected 
in this region, Both analyses, however, demon- 
strate flattening of the As concentration profile 
in the 75- to 85-nm region, immediately before 
the end-of-range damage, It is interesting that 
the trapping of As atoms in the end-of range 
yer is sulficient to distort the ID con- 
centration profile, whereas the As-rich defects, 
Which trap far more As atoms than occur in the 
end-of-range gion, do not distort the concen- 
tration profile. 

Figure 3 shows TEM images of the sample 
after further annealing at 100°C for 30 s, The 


A 


— 
— 


Fig. 4. (A and B) APT data on Asimplant sample 
after annealing at 600°C for 30 min, then at 1000°C 
for 30 5, showing As atoms trapped in dislocation, 
loops. Si atoms (only 05% are shown for visual 
clarity) appear as gray dots, oxygen atoms as light 
blue dots, and As dopant atoms as purple dots, 
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Fig. 5. Proximity histogram 
of As concentration in dislo- 
cation loop as measured from 
center to edge. 


end-of range defects have completely dissolved, 
aand the spheroidal defeets have transformed into 
dislocation loops. The loops remain in the As- 
rich region of the sample and are aligned along 
the {111} plane, An elemental map of a region 
containing a loop was obtained at I-nm resolu- 
tion by energy-dispersive spectroscopy (EDS) 
analysis. A concentration profile across the loop 
extracted from the As map (Fig. 3C) implies an 
As accumulation up to 3.3 atomic % around the 
edges of the jon loop, with a background 
As concentration of ~1.5 atomic %. 

Figure 4 shows 3D atom maps of the As- 
implanted sample after annealing at 100°C: for 
30 s; cach map represents a separate analysis. 
‘The ~2-nm surface oxide is again apparent, The 
chemical roughness of this layer was calculated 
0.3 nm, The first analysis shows one full loop 
and one half loop; the second analysis shows 
‘one full loop. Isoconcentration surfaces were 
‘again drawn with respect to the As atoms at an 
As concentration of 2 atomic %. The surfaces 
display ring-shaped defects correlating to the 
dislocation loops seen in the TEM, 

Chemical analysis of these dislocation loops 
shows that the two complete loops in Fig. 4 
have 26,429 * 162 and 37,665 * 194 Si atoms, 
and 975 + 31 and 1409 = 37 As atoms, re- 
spectively, The half loop contains 15,672 = $92 
Si atoms and 592 + 22 As atoms. The average 
As concentration in these loops repr 
atomic % of the material composition com- 
pared to an As background of 0.8 atomic % (4% 
10°%cm*) in this region. Hence, the As trapped 
in the loop comprises 2.9 atomic % of the total 
atoms within the loop. Again we measured the 
binding energy of the As atoms to the disloca- 
tion loops. After annealing at 1000°C, the bind- 
ing energy had increased to 0.17 eV. 

A direct comparison of the amount of As 
trapped in each defect type shows that during the 
transformation from spheroidal defies to disloca- 
tion loops, As atoms migrated from the spheroidal 
defects back into the bulk Si, Once freed from the 
defect, the As atoms could diffuse and possibly 
occupy a Vsi. This is consistent with the behavior 
of Si, atoms, which, although originally trapped in. 
post-implant defects, are emitted back into the Si 
lattice upon thermal annealing, 
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The ID As concentration profile, as obtained 
in the depth direction, is shown in Fig. 2D. The 
As segregation has increased 10 9 * 10cm’, 
the profile shape has broadened, and the As pro- 
file has smoothed out in the end-of-range damage 
region now that the end-of-ringe defects have 
dissolved. 

‘The As is distributed about the defect in a de- 
localized volume a few nanometers in extent, 
‘This distribution is indicative of a Cottrell atmo- 
sphere. Cottrell atmospheres, first described in 
1947 (12) and later observed experimentally (19), 
appear as a cloud of impurity atoms surround- 
ing dislocations, When the interstitial atoms mi- 
grate into the proximity of a dislocation, the stra 
field relaxes as the interstitial moves into the dis- 
location. This state is enengetically favorable for 
both the dislocation and the interstitial atom. Prox 
imity histograms of As atoms, as monitored i- 
dally away fiom the dislocation loop or spheroidal 
defget edges, are shown in Fig. 5. The data for 
each ease are fit to an exponential function. For 
the spheroidal defects in the 600°C anneal case, 
the relation is As(r) = 4.8 exp(-0.86r), and for the 
dislocation loops in the 600°C plus 1000°C an- 
neal case, the relation is As(r) = 3.7 exp(-0.87), 
‘where ris the radial distance from the edge of the 
AS loop. Its interesting that the exponential decay 
in both cases is about the same. This similarity 
persists despite the difference in measured bind 
ing energy, 0.1 eV versus 0.17 eV. The decaying 
exponential relationship described here indicates, 
that the trapping and subsequent release mecha- 
nism of the defects ereate concentration gradients 
localized on the nanometer scale. 

The impact that these Cottrell atmospheres 
may have on the concentration of electrically 
aetive dopant atoms—and therefore on device 
performance—remains undetermined but could 
prove important. Consider the smallest device 
on a processor manufactured using 90-nm tech- 
nology. This device has channel lengths on the 
onder of 50 nm, The measured Cottrell atmo- 
spheres in Fig. 5 indicate a factor of 10 inerease 
in As concentration over a ~3-nm region. It is 
therefore unlikely that the localized dopant con- 
centration increase caused by the As Cottrell 
atmosphere would cause a noticeable electrical 
impact in a 90-nm device. Now consider the up- 
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coming 22-nm technology node, with minimal 
features on the order of ~10 nm, The presence of 
a single-dopant Cottrell atmosphere within such 
a device could alter the electrical performance of 
the individual device in a way that renders it 


nonfunctional, or at least renders lar to 
aan identical device that did not contain a Cottrell 
atmosphere. 


The defects resulting from a high-dose ion 
implantation process and subsequent high- 
temperature anneal were analyzed and quantified 
with a combination of TEM, APT, and SIMS. To- 
gether these techniques showed that ion implan- 
tation initially causes the formation of spheroidal 
defects with trapped As atoms. The transfor- 
mation of these defects into dislocation loops, as 
4 function of high-temperature annealing, also 
results in the formation of As Cottrell atmo- 
spheres associated with these dislocations, 
These findings may have implications for dopant 
control in implanted Si as the seale of doped 
regions approaches the scale of the defects. 
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Soft X-ray—Driven Femtosecond 
Molecular Dynamics 


Etienne Gagnon,’ Predrag Ranitovic,” Xiao-Min Tong,’ C. L. Cocke,” Margaret M. Murnane,* 


Henry C. Kapteyn,* Arvinder S. Sandhu** 


The direct observation of molecular dynamics initiated by x-rays has been hindered to date by the 
lack of bright femtosecond sources of short-wavelength light. We used soft x-ray beams generated 
by high-harmonic upconversion of a femtosecond laser to photoionize a nitrogen molecule, 
creating highly excited molecular cations. A strong infrared pulse was then used to probe the 
ultrafast electronic and nuclear dynamics as the molecule exploded. We found that substantial 
fragmentation occurs through an electron-shakeup process, in which a second electron is 
simultaneously excited during the soft x-ray photoionization process. During fragmentation, the 
molecular potential seen by the electron changes rapidly from nearly spherically symmetric to a 
two-center molecular potential. Our approach can capture in real time and with angstrom 
resolution the influence of ionizing radiation on a range of molecular systems, probing dynamics 
that are inaccessible with the use of other techniques. 


‘trashort light pulses in the infrared (IR), 
[ visible, and near ultraviolet (UV) regions. 
of the spectrum are used extensively in 
many experiments to uncover the detailed dy- 
namics of the transition states involved in chem= 
ical reactions (J-5). To date, studies of this type 
have been limited to relatively low-lying elec 
tronic states in atoms and molecules that can 
either be directly excited by absorbing a visible 
UV photon or indirectly excited with multipho- 
ton excitation techniques (2-6). However, com- 
‘mon processes in nature, such as photoionization 
of atmospheric molecules induced by soft x-ray 
solar irradiation, create highly excited states by 
selectively ejecting an inner-shell electron or by 
simultaneously exciting more than one electron 
ina molecule. These states are simply not directly 
g visible or UV ultrafast photons. 
tion with multiphoton techniques 
also cannot populate these highly excited states, 
because this approach tends to strip electrons in a 
stepwise manner, starting with the least-bound 
electrons. Therefore, to capture dynamics ini- 
tinted by an ionizing event in an atom or 
molecule, a fast (femtosecond) pump pulse with 
‘a photon energy in excess of tens of electron volts, 
is required. Such photoionization dynamics play 
an important role in the atmospheric chemistry of 
the planetary systems (7, 8). Moreover, the 
physics of photoionization underlies virtually all 
interactions of ionizing radiation with matter. 
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This field of radiation chemistry, which secks 
to understand how ionizing radiation interacts 
with chemical systems (9), has made considera- 
ble progress in the past decades through the 
use of synchrotron and plasma light sources. 
However, so far these studies have not achieved 
the femtosecond time resolution necessary to 
directly observe radiation-induced dynamics. 
Fourth-generation sources (ex, ultrashort-pulse 
five-clectron x-ray lasers) are currently being de- 
‘veloped, in part to make such studies possible. 

Laser-generated high-onder harmonies can be 
used to produce bright, coherent beams of short- 
wavelength light with ultrashort pulse duration 
In high-harmonic generation, an intense (>10! 
W cm™) femtosecond IR laser pulse is focused 
ino a gas, The extreme nonlinear-optical inter- 
action coherently upshifis the incident laser light 
into the soft x-ray and even the kiloclectron volt 
photon-cnergy range (/0). Because photoabsorp- 
tion cross sections for most molecules are largest 
for photon energies ranging from 12- to 120-eV 
(2), high harmonies are an ideal source for 
molecular excitation. Furthermore, their very 
short pulse duration and perfect synchronization 
with the driving laser pulse presents the in- 
triguing possibility of studying electronic and 
nuclear dynamics with femtosecond and even 
attosecond resolution (12). 

Upto this point, a few pioneering studies have 
used high-harmonic light to explore ultrafast 
dynamics in atoms (/3), molecules (/4, 15), and 
solids (16). For example, in recent work a soft 
x-ray pulse was used to ionize and highly excite 
Xe, populating a number of shakeup states with 
Jow probability (3), The lifetimes of the resultant 
Auger decay were then confirmed to be 6 and 31 
f& in agreement with previous spectral measure- 
ments. In molecular systems, however, x-ray 


ionization can initiate complex dynamies that are 
much less well understood than in the atomic 
case, involving many excited and correlated 
electron channels that cannot be easily calculated 
and exhibiting complex spectra that cannot be 
understood on the basis of spectral measurements 
alone. Therefore, time-resolved measurements of 
xcray driven dynamics in molecules can play a 
critical role in helping us to develop a better 
understanding of these concepts. However, ultra- 
fast, femtosecond-duration x-rays have not previ- 
‘ously been used as an ionizing pump beam to 
initiate dynamics in molecules, The available flux 
to date was simply too small to excite a sufficient 
fraction of molecules in any sample to use stan- 
dard techniques, such as transient absorption spec- 
troscopy, to observe x-ray initiated dynamics, 

Fortunately, other, more selective spectroscop- 
ic approaches can be successfully employed, as we 
demonstrated using coincident electron-ion thnee- 
dimensional momentum imaging, This technique 
efliciently collects ionized molecular fragments in 
coincidence, making it possible to fully reconstruct 
4 single ionization and fragmentation event. ‘This 
reaction microscope (/7) technique has been used 
very sucessfully fora variety of studies of atomic 
and molecular processes, in both femtosecond- 
laser and synchrotron experiments (78, 19). 

We used this type of reaction microscope 
(Fig. 1) to observe the dissociation of a molecule 
ionized by soft x-ray radiation in real time, In 
‘our experiment, a few-femtosecond soft x-ray 
pulse ionizes Nz by ejecting an electron from the 
valence or inner valence shells, The molecule is 
lefi in one of the many highly excited states of 
Na°, which then dissociate into an ion and a 
neutral atom. Using the reaction microscope, we 
‘can detect electrons and ions in coi 
from that information we can identify the dif- 
ferent ionization and dissociation channels in- 
volved as the excited molecule explodes. We 
observed two main dissociation pathways; One 
pathway is reasonably well understood, and 
‘occurs when a soft x-ray ejects an inner valence 
(26, of 2a,) electron from the Nz molecule. The 
second dissociation pathway occurs when the 
soft x-my removes an outer valence (36,) 
electron, anda second electron is simultaneously 
excited in a process known as electron shakeup, 
These shakeup states in molecules have in- 
teresting features and fragmentation dynamics 
that have not been previously explored either 
theoretically or experimentally, We can follow 
the dynamics of these shakeup states as the 
molecule dissociates by using a short IR probe 
pulse to further ionize the excited Na" to the Nz°* 
ground state, forming two N” fragments, The 
reaction microscope then allows us to detect the 
kinetic energy of the coincident N’/N* ion pairas 
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a function of time delay to follow the dissociation 
dynamics. Our soft x-ray pump-IR probe scheme 
thus makes it possible to map the electronic and 
nuclear dynamics of highly excited Ny” states 
with femtosecond time resolution and angstrom 
spatial resolution, By a comparison of these 
measurements with theoretical calculations, our 
results suggest that this fragmentation occurs 
predominantly via an antibonding shakeup state, 
‘where a loosely bound 46, electron surrounds an 
exploding N,”* core. The loosely bound shakeup 
electron experiences a rapid transition from a 
nearly spherically symmetric initial molecular 
potential to a wo-center potential and finally to a 
Separate atom and jon at the dissociation limit. 
Furthermore, our data show evidence of three- 
body dynamics and quantum interferences result- 
ing from the two-center nature of the molecular 
potential (20), 

We generated high-harmonie light in a phase- 
matched geometry (2/) by upshifting intense 
2-ml, 28-fs pulses centered at 800 nm from a 
2-KHz ultrafast Ti:sapphire laser system 
(KMLabs, Boulder, CO) in a 2.5-cm-long, 
150-pm-tiameter hollow waveguide filled with 
Ar gas. The peak laser intensity in the wave~ 
guide was ~10"* W cm %, and the argon pressure 
‘was typically 30 torr A single harmonic order at 
a wavelength of 30 nm was selected from the 
comb of odd harmonics emerging from the 
waveguide and focused to ~100 jum with two 
multilayer mirrors. This resulted in a pump 
beam of ~43-eV photon energy with a few 
electron volt bandwidth, a pulse duration of 
~5 fs, and a flux of ~10° photons per pulse or 


* 10° photons’s. Part of the laser output was 
split, delayed, and then recombined with the soft 
X-ray pump beam to serve as a colinear probe 
beam, The probe beam was focused using a 
75-em lens to a ~100-um-diameter spot with an 
intensity of ~10'? to 10"? W cm. The N; gas 
was cooled and confined using a supersonic jet 
expansion employing a 30-ym nozzle, The cold 
supersonic part of the jet was sclected with a 
300-4m skimmer placed ~8 mm from the gas 
nozzle. The gas density in the interaction region 
was estimated to be 10" moleculesem™. This 
experimental setup was run continuously with 
cellent stability and minimal loss in detector count 
rate for data-acquisition times of >100 hours. 
‘The reaction microscope consists of an elec- 
trode configuration that generates a uniform ek 
tric field in the interaction region to accelerate 
reaction fragments toward the detectors, A mag- 
netic field was also used to confine the fast- 
moving electrons. The result was neat-4r collection 
efficiency for both electrons and ions. The frag- 
ments were then detected by microchannel plates 
employing a position-sensitive delay-line anode 
(RoentDek, Kelkheim-Ruppertshain, Germa- 
ny). These detectors record the position 
coordinates and time of flight of the fragments 
‘with spatial and temporal resolutions of ~100 jum 
and 500 ps, respectively. Together with the 
knowledge of the initial position of the reaction 
(defined by the interaction region) and the electric 
and magnetic fields, this information enables the 
reconstruction of all three components of momen- 
tum of each particle that hits a detector. Using this 
reaction-imaging apparatus, we accumulated 


Fig. 1. (A) Experimental setup to probe radiation-induced dynamics. High-harmonic pulses centered at 
43 eV are generated in a waveguide to serve as the pump beam. An IR laser beam serves as the probe. 
HHG, high-harmonic generation. (B) Spectrum of the soft x-ray pulse after reflection from two multilayer 
mirrors. (C) Inside the reaction microscope. Alter the soft x-rays interact with a supersonic Nz gas jet, 
uniform electric (E) and magnetic (6) fields guide the reaction fragments to position-sensitive detectors. 
The combined position and time-of-flight information yields the vector momentum (Bp) of each fragment 
in coincidence. (D) Exterior schematic of the reaction microscope. 
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electron and ion data for each laser shot, Post 
analysis of the data was then used to deduce 
electron-ion correlations and to implement coin- 
cidence conditions that filter the data to identify 
the different dissociation channels. 

The photoionization of Nz by x-rays can 
initiate a series of complex molecular pro- 
cesses, The ground-state configuration of Nz 
ts "2og 20471 my Saq", and our photon 
energy of 43 eV can remove both outer valence 
(1n,*30,2) and inner valence (26,720,7) elec- 
trons. The inner-valence ionization pathway 
(schematically shown in blue in Fig. 2A) results 
in the formation of many highly excited ion states 
¢Ny"*), with potential energies typically between 
23 and 43 eV (relative to the No ground state) 
(22), The eross sections for forming thes 
are known from synchrotron measurements (2 
The finite bandwidth of our photon source does 
not allow us to resolve each separately; 
however, previous work (22, 24-26) indicates 
that most of these inner-valence ionized mole- 
cules rapidly evolve to separated N(2s*2p') and 
N’(2s?2p") fragments (i.c., electronic states with 
principal quantum number 1 = 2) (27). These 
dissociation channels are schematically repre- 
sented by potential-enengy curves that lie in the 
blue band shown in Fig, 2B, 
igure 2C plots ion- and electron-energy 
correlation map obtained for coincident fiag- 
ments using the reaction microscope, We can 
identify the known dissociation pathways resulting 
from inner-valence ionization of the molecule 
using enengy conservation: E+ 2E Ws ~ Moxey 
Figea. in which the sum of the fragment kinetic 
‘energies [electron (£,-) and ion (E.) + neutral] is 
‘equal to the soft x-ray photon enemy (10,49) 
minus the energy corresponding to the dissocia- 
tion limit (Ej) Our data confirm that inner- 
valence hole states of the mokxeule decay to the n= 
2 dissociation limit (events that lie between the 
blue fines in Fig, 2C) through channels that are 
indicated in Fig. 2B. The horizontal substructure 
at 14 eVof electron energy and | eVof ion energy 
is due to dissociation from inner-valence ionic 
states that lie in the range of 27 to 31 eV (28). 
This well-defined feature has also been observed 
in other studies as the F-band (25, 26), 

Dissociation pathways that yield both a low- 
energy electron and a low-energy ion (indicated 
by events between the red lines in Fi 
that represent a very large faction of disso 
events cannot be explained by the di 
inner-valence hole states. From enengy-conservation, 
arguments, these channels must represent a mo- 
lecular excitation near the double-ionization, 
threshold (~43 eV) that dissociates to a ground- 
state ion and an excited neutral atom, with the 
‘outer electron in an n = 3 principal quantum num- 
ber state (red band in Fig. 2B). These pathways 
have not been investigated previously, We show 
below that these dissociation channels are con- 
sistent with fragmentation of excited states re- 
sulting from an electron-shakeup process (Fig. 2A) 
accompanying outer-valence 30, ionization, 
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To follow the time evolution of these shakeup 
states as they dissociate, as well as to uniquely 
idemtify them, we used a time-delayed IR probe 
pulse to eject a second electron from the mole 
cule by multiphoton ionization. This second ion- 
ization step promotes the excited molecular ion 
(N2"*) to the doubly ionized (N2**) ground state, 
which then explodes into two N* ions of equal 
and opposite momentum (29). The signature of 
this final product channel can be isolated from 
the data very effectively by detecting two N* ions 
in coincidence that have zero total momentum in 
the center-of:mass frame. Because we donot 
observe any counts in the correlated N*/N 
product channel in the absence of the IR. field, 
w cleanly probe the evolution of the Ny” 
dissociating wave packet, free of background 
contamination from other N* ions. By varying 
the pump-probe time delay, we interupt the frag- 
mentation of the Na" at different times (ic, dif: 
ferent internuclear separations) (Fig. 3A). Using 
the reaction microscope to monitor N'/N" co- 
incidences, we can map the ion kinetic enersy 
release (KER) as a function of time delay. The 
ion KER at any given time delay ¢ between the 
soft x-ray pump and the IR probe is determined 
by the sum of the energy that the ions gain in the 
Np"* state (times 0 —+ 1, as they evolve fiom the 
Frank-Condon region toward the dissociation 
limit, plus the energy gained after time # on the 
known Nz?" dissociation curve (30). Ina 
picture, we can thus write the ion KER as Eq. | 


KER() =[Ev(ro) ~ Ex(e)] * (Extn) ~ Ex) (1) 


where ro and 7, are the internuclear separations 
at time delays O and 1, respectively: Ey rep- 


resents the potential-energy curve for N: 
and Ey represents that for Nz*". The time- 
dependent KER data can then be used to 
deduce the characteristics and dynamics of the 
unknown excited state(s), namely the Ey(r) 
curve (Fig. 3A). 

‘We find that near zero time delay between the 
soft x-ray pump and IR probe, the Na“ wav 
packet is instantly transferred to the No* 
potential-enerzy curve, lading to a large ion KER 
from 6 to 8 eV (Fig. 3B). The finite spread of KER 
data is a direct result of Frank-Condon vibrational 
spread of the wave packet released on the Na'* 
potential. The limiting values of KER are depen- 
dent on the exact shape of potential-energy sur- 
faces in the Frank-Condon region, as explained 
later when we discuss our theoretical calcula- 
tions. We observed that the ion KER decreases 
sharply as a function of time delay to ~4 eV 
within 150 f8. For lange pump-probe time delays 
>300 fs, the ion KER does not change apprecia- 
bly. This indicates that the excited N2"* has al- 
ready evolved into two separate noninteracting 
fragments; a ground-state ion and an excited 
neutral atom. The low ion KER (~3 eV) at large 
time delays (internuclear separations) indicates, 
that the states we are probing are highly excited 
states that, from energy conservation, must 
decay to the n= 3 limit (Fig. 2). 

‘The observed time-resolved KER data can be 
explained by considering electron-shakeup pro- 
cesses, in Which a second electron is simulta 
ncously excited when a 3a, valenceshell electron 
is ejected by a soft x-ray (red in Fig. 2A), To 
support this hypothesis, we performed calcula- 
tions to identify possible candidates forthe highly 
excited Ny" states that formed as a result of a 


shakeup process. These states include Rydberg 
States (3/) surrounding a doubly charged molec- 
ular core, as have been observed in near-threshold 
photoelectron spectra obtained by Krummacher 
et al, (22) in the energy range up to 40 eV. 
However, with the exception of binding ene 
no further information has been reported on these 
states. Our calculations therefore construct these 
States to comespond approximately to a doubly 
ionized ground-state (N>7*) molecular core with 
an additional excited electron, For a given inter- 
nuclear separation, we first calculated the effec- 
tive potential of the ground state by 
the multiple-scattering selconsistent method (32). 
The orbital energy of various excited shakeup 
States was calculated using an effective potential 

correction in the asymptotic 
region, Adding this orbital energy to the ground- 
state energy of Nz** (30), we obtained the 
potential-energy curves for the exeited shakeup 
states. (Fig. 4). These states are populated when 


the electron in a 30g state is ejected by a 43-<V 
photon, and a second valence 3, electron is 
promoted to the higher valence levels 304, 464, 
do, and assorted x orbitals, The 


ig. 4) is closest to the Na" ground state and has 
the largest overlap with the valence 36, orbital 
Hence, this state is most likely to be populated in 
the Frank-Condon region as a result ofan electron- 
shakeup process. 
dissociation limit, with the final configuration of 
fragments corresponding to an ion N* 3P) and a 
neutral N atom (71 = 3). 


Fig. 2. (A) Schematic of the formation of 
highly excited No" through an inner-valence 
(.V.) ionization process (blue) or an electron- 
shakeup process (red) accompanying outer- 
valence (0.V.) ionization. The electron binding 
energies are listed on the left, whereas the 
molecular orbitals are labeled on the right. 
E,., electron kinetic energy; Wray, Fay 
photon frequency. (B) Schematic of the 
predominant dissociation channels of No**, 
where the inner-valence ionization channel is 
shown in blue, and the shakeup channel is 
shown in red. The 43-eV soft x-ray photon 
(black arrow), Franck Condon excitation region 
(dotted rectangle) and dissociation limits 
{atomic states n = 2, 3) are indicated. A, 
angstroms. (©) Recoil and electron-energy 
correlation diagram for the dissociation of N> 
initiated by an ultrafast soft x-ray pulse. e-, 
electron. 
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Fig. 3. (A)Asoftx-ray 
pump pulse photoio- 
nizes Np to a highly 
excited Nj** shakeup 
state [orange curve 
labeled (9). The 
probe IR pulse further 
ionizes N,** to the final 
N,?* ground state, 
shown in green and 
labeled E,(9. The Na? 

potential curve was 
adapted from (30), 
whereas the No** curve 
was calculated as de- 
scribed in the text. A 
schematic of the wave 
function for the No"* 
state is also shown at 
different internuclear 
separations, (B) Evolu- 


&8 ts & 


Potential Energy (eV) 
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tion of the ion KER in the N*/N" channel as a function of time delay between the 
S5efs soft xray pump pulse and the IR probe pulse. The experimental data were not 
normalized for the long-term drift in EUV flux levels of 15% over a 2-day time 
period. The theoretically calculated KER for the 44 electron shakeup is plotted as 


Fig. 4. Calculated N2** states resulting 
from an electron-shakeup process. These 
states consist ofa loosely bound electron 
surrounding a doubly charged Na** core, 
The black curve corresponding to the 4, 
electron shakeup is predominantly popu- 
lated because of the large overlap with the 
valence orbital. This shakeup state cor- 
responds to the excited state £,) (shown 
in ig. 3A). twas also used to calculate the 
theoretical KER band (shown in black in 
Fig. 38). 


i 
i 


using Eq. | and the derivative in Eq. 2 (where pis 
the reduced mass) 

dr jdt = J2E\(ro) — Eira (2) 
‘The N'/N” KER data obtained from theory is in 
the form of a band of finite width, and the two 
limits are overlaid as black lines on the experi- 
mental data in Fig. 3B. These KER limits cor- 
respond to two limiting values ofthe radius of the 
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band, The lower limit for this band is imposed by the local potential minimum of 
and also by the potential barrier of the N32 
zero. The upper limit is set by the width of the Np ground-state wave packet, Le, 
the width of the Frank Condon region [blue region of the (7) curve in (A). 


Kinetic Energy Release (eV) 


the Na” 


R(A) 


Na'* wave packet launched by soft x-ray ex- 
citation (Fig. 3). The slope of the Ny“* potential 
in the Frank-Condon region implies that excita 
tion at smaller internuclear distances leads 10 
higher KER. The upper limit of the KER is thus 
set by the width of the parent Nz ground-state 
wave packet. The lower limit is imposed by the 
condition that the wave packet has to overcome 
the local potential minimum on the Nz* po- 
tential, as well as the potential barrier of N** for 


REPORTS i 


state for time delays near 


time delays near zero (Fig. 3A), These restric- 
tions lead to the distinetive KER spectra shown 
in Fig, 3B, The excellent agreement between 
theory and experiment in Fig, 3B demonstrates 
that the 4o, orbital, because of its large overlap. 
with the valence shell, is a major excitation and. 
fragmentation channel for soft x-ray excited Np 
molecules. This dissociation channel and its dy- 
namics have not been yet identified or explored, 

Next, we interpreted the finer features of the 
shakeup-state dissociation dynamics. As the in- 
ternuclear distance increases, there is a sharp 
decrease in KER over the first 150 f (Fig. 3B). 
The internuclear distances comesponding to the 
transition region between 50 and 150 f& range 
from ~2 to 6 A. (From Eq. 2 we can relate time 
and distance, and both are labeled in Fig, 3.) 
This transition represents a rapid change from an 
almost spherically symmetric initial binding po- 
tential for the outer excited electron to a final 
‘hwo-center potential at larger internuclear dis 
tances. In terms of the imtemuclear potential, the 
molecule transitions from an almost purely re~ 
pulsive interaction between two changed N’ cores 
(where the excited electron does not play a strong 
role) to a regime in which the excited electron 
sereens the Coulomb repulsion between the two 
cores. This transition can be seen as a change 
in the wave function for the antibonding 40, 
orbital (Fig, 3A), Atr= 1.1 A, there is almost no 
electron density between the two nucki (orange 
lowever, at separations >3 A, the 


and the two-center nature of the poten 
Parent. Past this transition region, the excited-state 
Ppotential-energy curve is essentially flat, which 
reflects the loss of the long-range 1/r Coulomb 
repulsion between two cores as one of the partners 
‘becomes uncharged. For times >150 f, the KER 
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data exhibita complex structure suggestive of two- 
center quantum interferences. These rapid elee- 
tronic dynamics will be an interesting topic for 
further study. 

In the future, this work can be extended to a 
range of atomic and molecular systems to explore 
complex, correlated electron dynamics and highly 
excited states, Interesting topies such as the atto- 
second dynamics of electron transitions, the obser 
vation of ultrafast electron transfer in molecules, 
and the influence of molecular structure on these 
x-ray driven dynamics are challenging problems 
that are now avcessible with the use of the tech- 
niques illustrated here, 
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A Basal Dromaeosaurid and Size 
Evolution Preceding Avian Flight 


Alan H. Turner,’* Diego Pol,? Julia A. Clarke,*** Gregory M. Erickson,® Mark A. Norell* 


Fossil evidence for changes in dinosaurs near the lineage leading to birds and the origin of flight has 
been sparse. A dinosaur from Mongolia represents the basal divergence within Dromaeosauridae. The 
taxon’s small body size and phylogenetic position imply that extreme miniaturization was ancestral for 
Paraves (the clade including Avialae, Troodontidae, and Dromaeosauridae), phylogenetically earlier 
than where flight evolution is strongly inferred. In contrast to the sustained small body sizes among 
avialans throughout the Cretaceous Period, the two dinosaurian lineages most closely related to birds, 
dromaeosaurids and troodontids, underwent four independent events of gigantism, and in some 
lineages size increased by nearly three orders of magnitude. Thus, change in theropod body size 


leading to flight's origin was not unidirectional. 


hich nonflying maniraptoran_ dino 
\ \ ] urs are the closest relatives to birds 
(Avialae) has been debated (J-5). 


Dromacosaurids and troodontids are the two 
clades consistently found to be most closely re- 
lated to avialans (J-8), Discoveries of these dino- 
saurs, which illuminate the features ancestrally 
present in the first flighted theropods, have re 
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‘mained rare. Here we report a basal dromacosaurid 
theropod: Theropoda Marsh, 1884; Maniraptora 
Gauthier, 1986; Paraves Sereno, 1997; Dromaco- 
sauridae Matthew and Brown, 1922; Mahakala 
‘amnogovae, new taxon, The new taxon is small 
(~70 cm long) and possesses features absent in 
other dromacosaurids but shared with early 
troodontids and avialans. 

Holotype. Specimen number IGM (Mongo- 
lian Institute of Geology, Ulanbaatar) 100/1033, 
partial skull and posteranial skeleton (Figs. 
1 and 2). 


Etymology. “Mahakala,” Sanskrit for one of 


the eight protector deities (dharmapalas) in 
Tibetan Buddhism. The specific epithet refers to 
the southem Gobi provenance of this taxon. 

Locality and horizon. The Tugrugyin Mem- 
ber of the Djadokhta Formation (Campanian) 
(9, 10), Tugrugyin Shirch, Omndgov, Mongo- 
lia (10, 1). 


Diagnosis. A small paravian diagnosed 
by the following combination of characters 
(autapomorphies are noted by *): a strongly com- 
pressed and anteroposteriorly broad ulna tapering, 
posteriorly to a narrow edge*; an elongate lateral 
crest on the posterodistal part of the femur*; 
anterior caudal vertebrae with subhorizontal, 
laterally directed prezy gapophy'ses*; a prominent 
supratrochanteric process; and the absence o! 
‘cuppedicus fossa, 
mated at 70 em long, Mahakala is similar 
in size to the basal avialan Archacoptervx and 
basal members of other maniraptoran clades such 
as the oviraptorosaur Caudipteryx and the 
troodontid Mei long. The specimen is a young, 
adult or near adult, based on the degree of 
neurocentral and astragalocaleaneal fusion, 
braincase coossification, and histological analy- 
sis (fig. S4). Thus, it can be distinguished from 
the contemporaneous Archaeornithoides, which 
is of similar size but is a juvenile (/2). 

“The braincase, quadrate, and frontals are well 
preserved, Unlike dromacosaurids but similar to 
troodontids such as Sinovenator (7) and Mei (8), 
the frontals are dorsoventrally vaulted and the 
interorbital region is narrow, indicating propor- 
tionally large orbits. The anterolateral comer of 
the frontal lacks the articulation notch present in, 
other dromacosaurids. The frontals transition 
smoothly from the orbital margin to the post 
‘orbital processes as in troodontids (13), but unlike 
the abrupt transition and sharply demarcated 
postorbital processes of dromacosaurids. The 
‘supratemporal fossa margin is weakly curved, 
not sinuous as in all other dromacosaurids except 
Tsaagan (5) and Dromaeosaurus [AMNH 
(American Museum of Natural History) FR 
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5356]. The quadrate is incipiently bistylic, unlike 
the sin 


headed ball-shaped process in other 
dron 


weosaurids, A depression on the prootic may 


comespond to a secondary articulation surface for 
the quadrate 
hically to the braincase articulation facet in 


This depression corresponds topo 


binds and alvarezsaurids but is also present in the 
troodontid Byronosaurus (14), The lateral brain- 


cease wall lacks any indication of a well-developed 


otosphenoidal crest like that in troodontids (/4) 


The paroccipital processes are relatively short 


1. Mahakala_om- 
nogovae IGM 100/1033, 
holotype, (A) Skull in oc- 
<ipital view. (B) Braincase 
in left lateral view. (© 
Sacrum and partial right 
leg in ventral view. (D) 
Frontal in dorsal (left 
and ventral (right) views. 
(©) Axis vertebra in left 
lateral view. Scale bars, 
5 mm in (A), (8), (0) 
and E) and 1.<m in (O, 
Abbreviations are as 
follows: cav, caudal ver- 
tebrar ctr, caudal tympan- 
ic recess; dtr, dorsal 
tympanic recess; ep, 
epipophysis; f., lacri- 
mal facet; f.p0, postor 
bital facet; fm, foramen 
magnum; mt, meta- 


and distally twisted rostrolaterally as in other 
dromacosaurids. 

The axis bears a single pneumatic opening 
and has small epipophyses that do not overha 


the postzygapophyses. The sacrum comprises six 


coossified centra as in Rahonavis 
or (IGM 


The fused neural 


apneumatic 
and mature specimens of Velocira 
100/986 and IGM. 100985). 


arches of the posterior sacral vertebrae form a 


bony lamina as in other dromacosaurids, The tail 


is long as in basal avialans (such as Archaeopteryx 


and Jeholornis), basal troodontids (such as 
Jinfengopteryx and Mei), and other dromaco 


saurids. The tra 


sition point occurs between cau- 
dals (Ca’s) 1 and 12 and is more posteriorly 
located than in Rahonavis (proximal to Cd 9) or 
Velociraptor (proximal to Cd 10). The distal cau- 
dal postzygapophyses are smaller than the prezyg- 
As in to other basal paravians, the 
apophyses do not exceed the posterior 


apophyses. 


postzy 


margin of the vertebral centra. The lateral surface 


of the proximal caudals bears a low ridge similar 


tarsus; oc, occipital condyle; od, odontoid; pap, paroccipital process; pf, pneumatic foramen; ph, phalanx; prz, prezygapophysis; q.pr, contact surface on prootic 
for quadrate; q, quadrate; ti, tibia; tl, tectal lobe; sac, sacrum; v.o, occipital vein track. 


Fig. 2. Mahakala om- 
‘nogovae IGM 100/103, 
holotype. (A) Right ulna 
in lateral (right) and 
medial (left) views. (B) 
itium in medial. (top) 
and lateral (bottom) 
views. (C) Femur in pos- 
terior (left) and lateral 
(Fight) views, (D) Tibia in 
anterior view. (E) Left 
metatarsus in anterior 
view. (F) Right raptorial 
claw. (6) Midcaudat 
vertebrae. Scale bars, 
1.cm in (B) to (E) and 5 
mm in (A), (F), and (@). 
Abbreviations are as 
follows: a, ascending 
process of astragalus 
as, astragalus; bf, brevis 
fossa; brs, brevis shelf; 
bs, biccipital scar; ca, 
calcaneum; cc, cnemial 
crest; ch, chevron; fc, 
fibular crest fi, fibula; 
tr, greater trochanter; 
ir, lateral ridge; I, later- 


al crest; mco, medial condyle; mt, metatarsal; obr, oblique ridge; pat, posterior anttrochanter; prz, prezygapophysis; pt, posterior trochanter; ts trochanteric shelf 


SCIENCE VOL 317 


org 


7 SEPTEMBER 2007 


| REPORTS 


1380 


to that in Buitreraptor (4) and Rahonavis (UA 
(University of Antananarivo) 8656). The chevrons 
in Mahakala are platelike as in many derived 
coelurosaurs 
‘The scapul 
strongly compres 


is narow and straplike and has a 
ed ovoid cross section. The 


preserved portion of the incomplete humerus 
suggests that the entire humerus was reduced in 
Contrast to the condition of most coclurosaurs. The 
ulna is distinctly bowed as in most maniraptorans 
(J) but is strongly compressed and possesses a 


isis expanded and flattened as in paravians 
semilunate carpal covers the proximal 


surfaces of metacarpals I and II; a plesiomorphic 
conformation lost in most avialans. 

The ilium is dolichoiliac. A prominent supra- 
trochanteric process is present as in Unenlagia, 
Rahonavis, and many avialans. The brevis shelf 
is triangular and does not extend laterally as in 
some other basal dromacosiurids. No antilisc 
shelf is present, therefore Mahakala lacks a de- 
fined cuppedicus fossa—an absence unique with- 
in dromacosaurids but characteristic of avialans 
such as Apsaravis (15) and Yivianornis (16). 

The femur is anteriorly bowed. The lesser 
trochanteris well developed, and its anterior edge 
is continuous with the greater trochanter. The 


fourth trochanter is present as a smooth and 
weakly developed ridge. Unlike Velociraptor 
(IGM_ 100/986), the lateral ridge is poorly 
developed, and the moundlike trochanteric shelf 
is proximodistally elongated and closely con- 
nected to the posterior trchanter, A prominent 
crest extends from the distal third of the shaft to 
the ectocondylar tubercle, The tibia is longer than 
the femur and possesses a single cnemial crest 
The lateral surface of the calcaneum is distinetly 
concave and lacks the notch for the articulation 
with the distal fibula that is present in dromaco- 
saurids and other nonavian theropods, ‘This 
condition is shared with Rahonavis, basal avi 


Jurassic Early Cretaceous Late Cretaceous 
[ki] 1 [eer | va aul Bar Ap Ce [tw ca | Mal 
Archaeoptaye “$— ‘ 
ae Apsarovis 


PARAVES 


DEINONYCHOSAURIA 


DROMAEOSAURIDAE 


Fig. 3. Phylogeny and body 
size change within paravian 
theropods, A temporally cali- 
brated cladogram depicting 
the phylogenetic position of 


‘Mahakala and paravian body 1 
size through time and across 
phylogeny is shown. Charac- 
ters uniting Mahakala with 
other dromaeosaurids include 
the absence of an accessory 
tympanic recess dorsal to the 
cristainterfenestralis, and 
elongate paroccipital process 
with parallel dorsal and ventral 
edges that twist rostrolaterally 
distally, and the presence of a 
distinct ginglymus on the 


Utahraptor 


Mahakala 7 


reanonovis SE 


me PH 


Sauromitholestes 


Tsaagan 


— Adasaurus 


Dromaeosaurus 


Achiliobator 


distal end of metatarsal Il (27). Silhouettes are to scale, illustrating the 
relative magnitude of body size differences. Left-facing silhouettes near 
open circles show reconstructed ancestral body sizes. Ancestral paravian 
body size is estimated to be 600 to 700 g and 64 to 70 cm tong (17). The 
ancestral deinonychosaur, troodontid, and dromaeosaurid body size is 
estimated at ~700 g. Large numbers (1, 2, 3, and 4) indicate the four major 
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body increase trends in Deinonychosauria. See the supporting online 
material for further ancestral body size reconstruction data. Ma, 
‘Maastrichtian; Ca, Campanian; Sa, Santonian; Co, Coniacian; Tu, Turonian; 
Ce, Cenomanian; Ab, Albian; Ap, Aptian; Bar, Barremian; Hau, Hauterivian; 
Va, Valanginian; Ber, Berriasian; Ti, Tithonian; Ki, Kimmeridgian. Ma, 
million years ago. 
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(2), and derived alvarezsaurids. Un 
troodontids and microraptorines, but similar to 
Archaeopteryx and derived dromacosaurids, the 
foot of Mahakala exhibits the plesiomorphic 
Uunconstricted condition for metatarsal II, further 
ian trait may be the 
primitive condition for paravians. The distal end 
Of metatarsal II is composed of an asymmetrical 
ginglymoid articular surface and phalanx 11-2 has 
a well-developed proximal heel and hypertro- 
phied ginglymoid trochlea, This suite of charac 
ters is present only in dromacosaurids. 
Phylogenetic analysis identifies Mahakala as 
4 basal dromacosaurid and supports paravian 
monophyly with birds (Avialae) as the sister 
group {0 a monophyletic Deinonychosauria 
(Dromacosauridae + Troodontidac) (Fi: 
1), Although 


the basal position of 
Mahakala bas several tions regarding 
our understanding of the early r 
deinonychosaurians (17). First, Shanag from the 
Early Cretaceous of Mongolia (/8) nests within 
the purported Gondwanan lineage of dromaco- 
sautrids, Unenlagiinae, This topology complicates 
recently proposed vicarianoe-<riven origin hypothe- 
ses forthese groups (4, 19). Second, these dinesaurs 
are united with Jehol microraptorines (Microrapt 
Graciliraptor, and Sinornithosaurus) to form the 
sister group to derived dromacosaurids fom 
Laurasia (Velociraptorines and allied forms). Third, 
the purported in Jinfengopteryx (20) is a 
troodontid. Jinfengopteryx has feathers; it thus 
demonstrates the presence of feathers of modern 
aspect in a troodontid, 

Decrease in body size isa trend in cochurossuns 
(3, 8 21) and is thought to have played an 
important role in the origin of birds and flight 
(6, 11, 22-24). Dromacosaurids and other 
coelurasaurs, however, may have undergone 
clade-specific inereases in body size (8, 25). Test- 
ing these trends requires empirical size recon- 
structions for each node of the coclurosaur tec 
We estimated ancestral body sizes for cach in- 
temal node (ancestral node) using body mass 
estimates from femoral length measurements. 
‘These data were treated as a continuous additive 
trait and optimized across the phylogeny (/6). 

Our analysis (fig. S2) indicates that small 
body size was not a derived condition at 
Archaeopteryx or Avialae, where flight evolution 
in theropods is currently inferred, The ancestral 
<dromacosaurid, todontid, and deinonychossurian 
are reconstructed as small, each witha body mass 
around 700 g (Fig. 3). The basal members of 
these lineages are the same size as the carly 
avialan Jeholornis. Additionally, our results indi- 
cate that deinonychosaurs underwent four paral- 
lel trends of body size increase. Three of these 
events occured within Dromacosauridae: Dei 
nonychus increased in size by more than two 
orders of magnitude, as did Unenlagia, and the 
Achillobator * Utahraptor clade increased by 
three orders of magnitude. A single trend of body 
size increase was observed in troodontid body 
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size. These events were contemporancous with a 
decrease in avialan body sizes. Our analysis 
ies that the ancestral paravian had a body 
size of 600 to 700 g and was ~65 cm long, 
roughly the size of the largest specimens of 
Archaeopteryx or Sapeornis and entailing the size 
range reconstructed for basal deinonychosaurs. 
‘Thus, miniaturization preceded the avialan node 
and the origin of flight, and as a result, hypothe 
ses relating ontogenetic or metabolic controls on 
miniaturization to flight origin in theropods must 
be equally capable of explaining the size reduc 
in ancestral paravians and the iterative 
trends of size inerease in deinonychosaurs. 
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20th-Century Industrial Black 
Carbon Emissions Altered Arctic 


Climate Forcing 


Joseph R. McConnell,”* Ross Edwards,* Gregory L. Kok,” Mark G, Flanner,? Charles S. Zender,? 
Eric S. Saltzman,? J. Ryan Banta,” Daniel R. Pasteris, Megan M. Carter,“ Jonathan D. W. Kahl* 


Black carbon (BC) from biomass and fossil fuel combustion alters chemical and physical properties 
of the atmosphere and snow albedo, yet little is known about its emission or deposition histories. 
Measurements of BC, vanillic acid, and non-sea-salt sulfur in ice cores indicate that sources and 
concentrations of BC in Greenland precipitation varied greatly since 1788 as a result of boreal 
forest fires and industrial activities. Beginning about 1850, industrial emissions resulted in a 
sevenfold increase in ice-core BC concentrations, with most change occurring in winter. BC 
concentrations after about 1951 were lower but increasing. At its maximum from 1906 to 1910, 
estimated surface climate forcing in early summer from BC in Arctic snow was about 3 watts per 
square meter, which is eight times the typical preindustrial forcing value. 


missions of black carbon (BC) particles 
result from incomplete combustion during 
the burning of biomass and fossil fuels (/). 
In the atmosphere, the absorption of sunlight by 
BC contributes to global warming and alters 
cloud-formation processes (2). Arctic climate is 
especially vulnerable to BC deposition because 
of its impact on the albedo of snow, glaciers, and 
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accelerating melting and 
sensitivity 10 warming (3), Despite its. impor- 
tance, little is known about past natural or 
anthropogenic emissions of BC and its 
tion. Glaciers and ice sheets contain a 
record of atmospheric deposition of acrosol- 
bore chemicals derived from natural and 
anthropogenic buming. We used measurements 


sea ice: 
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of central Greenland ice cores to assess the 
origin and climate forcing of BC in snow dur- 
ing the past 215 years. Vanillic acid (VA) and 
non-sea-salt sulfur (nss-S) were used as indi- 
cators of forest fires and industrial pollution, 
respectively, 

‘We used continuous melter analyses of BC, 
VA, a wide range of trace elements, and 
hydrogen peroxide (4-6). BC was analyzed with 
a laser-based atmospheric analyzer and VA with 
electrospray triple-quadrupole mass spectrometry 
(6). Measurements were made on an ice core 
collected in 2003 from a high-snowfall region of 
‘west central Greenland, the D4 site (6). Using the 
known midwinter minimum of hydrogen perox- 
ide concentration in Greenland snow (7) and 
assuming uniform snowfall rate within each year 
(6), we determined monthly and annual BC con- 
centration in Greenland from 1788 through 2002 
(Fig. 1A), 

BC concentrations varied significantly during 
the past 215 years and were highly seasonal, 
particularly during the period before industrial- 
ization, beginning in the mid-1800s (Fig. 1A) (6). 
Average preindustrial annual BC concentration 
was 1.7 ng g ', with generally consistent low 
winter (defined as December through May) 
concentrations averaging 1.3 ng g' and highly 
variable summer (defined as June through 
November) concentrations averaging 2.0 ng g '. 
Afler 1850, annual BC concentrations began a 
gradual rise, followed by a rapid inerease in 
~1888. Annual average concentrations reached a 
peak of >12,5 ng g ! in 1908 before beginning a 
general, although erratic, dectine through the late 
1940s followed by a sharp drop in 1952. 
Maximum winter BC concentration peaked in 
1908 at more than 20 ng g ', with an average 
wintertime concentration of ~13 ng g ' during 
the highest 5-year period (1906 through 1910), 
which is about 10 times the mean winter 
concentration of 1.3 ng g * before 1850. During 
the period from 1851 to 1951, annual average 
concentrations were 4.0 ng g ', with mean winter 
and summer concentrations of 4.1 and 3.9 ng g ', 
respectively. From 1952 to 2002, average annual 
concentrations were 2.3 ng g! and were 
characterized by high year-to-year Variability in 
summer and a gradual decline in winter BC 
concentrations through the end of the century 
(Fig. 1B). Although highly variable with season 
and year, monthly BC concentrations during the 
ate 20th century (Fig. 1A) ranged from <1 ng g " 
to >10 ng g ! and are in general agreement with 
published measurements of BC in Greenland 
snow (8/1), 
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Although changes in BC measured in the D4 
ice core are substantial, itis unclear from a single 
ice-core record whether the observed changes are 
representative of central Greenland or the larger 
Arctic region. Asa first step in determining this, 
‘we made similar, although discontinuous, mea- 
surements from a second ice core collected at the 
DS site, ~350 km to the south of D4 (6). Changes 
in BC during the past two centuries (Fig. 1B) 
were similar at both sites (6), suggesting that 
many of the large summer increases associated 
with boreal forest fires before industrialization, 
and the marked increases in winter and spring BC 
during and after industralization, were regional 
and represent central Greenland and possibly 
much of the Arctic, including the seasonally 
snow-covered regions of northem and castem 
Canada and sea-ice-covered areas of the Noh 
Atlantic. 

To investigate BC sources in the Greenland 
records, we used ice-core measurements (6) 
of the conifer-specific forest fire indicator VA 
(22, 13) and measurements of nss-S as an in 
dicator of industrial emissions (mostly from fossil 
fel combustion) (6, 14). 

Comparisons of annual average BC and VA 
concentrations suggest that conifer combustion 
‘was the major source of BC in Greenland before 
1850 (Fig. 2A) and a significant source during 
summer throughout the 215-year recond. Before 
1850, variations in BC concentrations closely 
matched changes in VA concentrations. Correki- 
tions between annual, winter, and summer con- 
centrations of VA and BC were 0.87, 0.72, and 
0.87 (P< 0.0001), respectively. During the period 
fiom 1850 to 1951, correspondence between VA 
and BC concentration dropped dramatically, 
particularly in winter. Although correlations be 
‘tween annual and summer average concentrations 
remained significant (annual: r= 0.56, P< 0.0001; 
summer, r= 0.34, P < 0.0005), winter concen- 
trations showed no covariance. From 1951 10 
2002, winter concentrations also were uncome- 


Fig. 1. (A) Monthly (black) and annual 
(red) BC concentrations from 1788 through 
2002 measured in the Greenland D4 ice 
core. (B) Winter and summer BC concen- 
trations show that long-term changes in BC 
were greater in winter (red) than in 
‘summer (black) during the late 19th and 
early 20th centuries. Winter and summer 
BC concentrations measured in the DS ice 
core (6), located ~350 km south of the D4 
site (blue dashed trace), indicate that 
observed BC changes were at least region- 
al in extent. The maximum monthly BC 
value of 58.8 ng g”* occurred in summer 
1854, 


Biack Carbon, ng g" 


Black Carbon, ng g" 


lated, whereas the comelation in summer concen- 
trations remained at 0.44 (P< 0.0008), 

‘Air-mass back-rajectory modeling suggests 
that the eastern and northem United States and 
‘Canada are likely source regions of BC measured 
at the D4 ice-core site (6). We used the National 
Oceanic and Atmospheric Administration Cli- 
mate Monitoring and Diagnostics Laboratory 
atmospheric trajectory model (/5), driven by 
velocity fields from the ERA-40 reanalysis for 
1958 through 2002 (76). Modeling suggests that 
most BC is wet-deposited and has an atmospher- 
ic lifetime of ~3 days (17), so we used 3-day tra- 
jectories corresponding only to major snowfall 
events, Given the model results and close corre- 
spondence between summer BC and VA, the likely 
source of BC from biomass buming is the eonifer- 
rich boreal forest of eastem North America, 

‘Northem Hemisphere industrial emissions of 
sulfur dioxide began in the mid-19th century wit 
widespread buming of coal (/7), and the ice-core 
record clearly reflects this (Fig, 2B). Before 
1850, nss-S concentrations were generally low 
and primarily attributed to biogenic emissions 
(14), although the entire ice-core record is 
punctuated with very large, short-lived increases 
in nss-S resulting from fallout from we 
explosive volcanic eruptions, Long-term increases 
in nss-S began soon after 1850, accelerated 
shamply during the late 19th century, declined 
slowly from ~1910 to the late 1930s, and then 
increased strongly again through the early 1970s, 
In the carly 1970s, implementation of the Clean 
Air Act lowered U.S. sulfur emissions. (other 
countries also began regulating emissions), 
resulting in a peak in nss-S in the D4 ice-core 
record in ~1970 followed by a stow decline until 
~1992 and a sharp drop almost to preindustrial 
levels by 2002 

Before 1850, when correlations between BC 
and VA were high, concentrations of nss-S were 
not correlated to either BC or VA, suggesting that 
forest fires were not a significant source of 
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atmospheric sulfur, Afier 1850, highly correlated 
increases (P < 0.0001) in BC and nss-S con 
centrations indicate that industrial emissions 
became the primary source of BC. Correlations 
between annual, winter, and summer average 
BC and nss-S concentrations from 1850 to 
1951 were 0.67, 0.74, and 0.59, respectively. 
Comparisons of BC and nss-S concentrations 
during, winter, when forest fire-derived BC 
\Was at a minimum, indicate that for every ton 
of pollution nss-S deposited in winter precip- 
itation from 1850 to 1951, an averas 
ton of BC was deposited concurrently (6). 
After 1951, the pos n between 
S and BC concentration decreased dramat- 
Despite large increases in industrial St 
concentrations in the 
ice-core record, BC concentrations in the 


Fig. 2. (A) Annual average concentra- 
tions of BC and VA. The gray shaded region 
represents the portion of BC attributed to 
industrial emissions, not boreal forest fre. 
(B) Annual average concentrations of BC 
and ss‘ Large short-lived increases in 
1ss-S result from explosive volcanism (such 
as Tambora, 1816; Krakatoa, 1883; and 
Katmai, 1912). 


Fig. 3. (A) Surface 
radiative forcing from 
BC in snow during early 
summer (June and July) 
at the permanently 
snow-covered D4 ice 
core site. Forcing was 
modeled using SNICAR 
and monthly averaged 
total (black) and indus- 
trial (red) BC concentra- 
tions. (B) Estimated 
surface radiative forcing " 
for a seasonal snow cov- 1200 
er derived using mean 

winter BC concentration 
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remained low, Some correlation between nss-S 
and BC concentrations, however, was still evi 
dent (annual: r = 0.30, P < 0.02), albeit sub- 
stantially less significant than during the period 
of high BC concentrations. 

Although not validated because of the paucity 
of historical 20th-century BC_ measurements 
before this study, estimates of industrial BC 
emissions have been made on the basis of records 
of fossil fuel combustion (/8, 19). Such estimates 
were determined using fuel- and technology- 
dependent emissions factors that relate BC 
emissions to fuel combusted. Technological 
changes through time, however, mean that 
emissions factors are highly uncertain, Of the 
estimates of 20th-century BC emissions reported 
by (/8), our measurements of BC agree most 
closely with those fiom the United States. In 
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‘measured in the core and early summer solar forcing conditions (black). Average early summer surface 
forcing was extrapolated throughout the Arctic region (blue). The dashed lines show 5-year running means. 
Modeling of radiative forcing atthe ice core site was for dry snow conditions because no surface melt occurs 
at D4, Although poorty known, redistribution of BC in a melting snow pack (22) may influence the impact of 


BC on forcing. 
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particular, estimates of U.S, emissions show a 
rapid increase in the late 18th century, a leveling 
off and decline in the early 20th century, a sharp 
drop in the early 1950s, and a slow decline to the 
cend of the century—very similar to the ice-cone 
measurements, Some models suggest that a large 
fraction of Arctic pollutants originates in south 
Asia (3), From results of air-mass back-trajectory 
modeling (6), as well as comparisons of ice-core 
measurements of BC and lead (20) with 
estimated BC and lead atmospheric industrial 
‘emissions, we conclude that most of the indus- 
tial BC deposited in central Greenland prec 
lation probably came fom North American 
‘emissions, at least during the period of high BC 
concentrations from 1850 to 1951. Since 1951, 
the positive BC trend in the core record attributed. 
to industrial emissions (Fig, 2A) suggests that 
Asia may be the primary source today, which is 
‘consistent with other work (3), 

This monthly resolved record of BC in Arctic 
precipitation allows quantitative estimation of the 
impacts on climate forcing of BC in snow from 
both forest fires and fossil fuel buming during 
recent centuries, We used the Snow, lee, and 
Aerosol Radiative (SNICAR) model (17), as- 
suming an ice-grain effective radius of 100 jam 
and mass distributions measured in the ice core (a 
median particle mass of 1,82 fi and a geometric 
Jog-nommal distribution width of 2.64) (6), 

Because of large seasonal changes in incom= 
ing radiation at high latitudes and sometimes 
large seasonal changes in BC concentration in the 
ice-core record, radiative forcing from BC in 
‘snow in central Greenland is highly seasonal (6) 
and increased markedly during the late 19th and 
carly 20th centuries as a result of industal 
pollution, Monthly averaged surface fo 
BC-induced heating) during the peak early sum- 
mer period (June and July) was ~0.28 W m2, 
with a median carly summer forcing of ~ 
Wm * before 1850, ~0.38 W m ? from 185010 
1951, and ~0.2: ? after 1951. Forcing 
during the dark winter months was negligible, 
During the peak S-year period from 1906 to 
1910, forcing at the D4 ice-core site from BC in 
snow was 1.02 W m 3, a fivefold increase from 
preindustrial conditions, with ~0.76 W m* 
attributed to industrial pollution BC (Fig. 3A). 

Although enhanced radiative forcing from 
BC in snow results in warming and possibly 
summer melting on the permanently snow- 
covered Greenland ice sheet, potential impacts 
fon seasonal snow covers are larger because 
additional warming leads to earlier exposure of 
underlying low-albedo rock, soil, vegetation, and 
sea ice (19), Surface heating in seasonally snow- 
‘covered regions is primarily influenced by BC 
deposited during the snow accumulation period 
(December through May). Thus, early summer 
surface radiative forcing for a seasonally snow- 
covered site can be estimated using average BC 
concemtration from December through July, 
measured in the ice core, and solar forcing 
conditions during the subsequent carly summer 
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(Fig, 3B). In simulations with these conditions, 
the radiative impact of industrial BC emissions is 
substantially greater because winter concentra 
tions increase more than summer concentrations 
asa result of industialization, 

To estimate the impact of changes in BC 
measured in ice cores throughout the Arctic 
region during the past 215 years, we used global 
model simulations of 1998 and 2001 radiative 
forcing from BC in snow to extrapolate model 
results at the ice-core site (//). The simulated 
average surfice forcing of anthropogenic BC 
throughout the region from 60°N to 90°N was. 
1.7 times that at the ice-core site in Greenland. 
Assuming that this ratio has been approximately 
constant in time, we scaled monthly average 
surfice forcing for the seasonal snow-cover 
simulation to approximate changes in average 
Arctic surface forcing during the same period 
3B). Although they are in agreement with 
these results in central Greenland, 1983-1984 
spot measurements of BC indicated an Arctic! 
Greenland value of about 10(2/), suggesting that 
the impact from industrial BC emissions across 
the Arctic may have been significantly larger. 

Pronounced inereases in BC concentration in 
snow observed in the Greenland ice cores 
extrapolate to a marked impact on early summer 
climate forcing throughout the Aretic during and 
after industrialization, with changes largely 
attributed to winter industrial BC emissions 
(Fig. 3B). The median in estimated surface 
forcing in carly summer throughout the Arctic 


was 0.42 Wm * before 1850, 1.13 Wm 
the period from 1850 to 1951, and 0.59 W m 
after 1951, During the 5-year period of maximum, 
industrial BC emissions from 1906 to 1910, es 
‘mated surface forcing in the Arctic was 32 W m?, 
\hich is about cight times the typical early sum- 
‘mer forcing before industralization, 
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Saturn's Gravitational Field, Internal 
Rotation, and Interior Structure 


John D. Anderson** and Gerald Schubert® 


Saturn's internal rotation period is unknown, though it must be less than 10 hours, 39 minutes, 
and 22 seconds, as derived from magnetic field plus kilometric radiation data. By using the Cassini 


spacecratt's gravitational data, along with Pioneer and Voyager radio occultation and 


id data, 


we obtain a rotation period of 10 hours, 32 minutes, and 35 + 13 seconds. This more rapid spin 
implies slower equatorial wind speeds on Saturn than previously assumed, and the winds at higher 
latitudes flow both east and west, as on Jupiter. Our related Saturn interior model has a molecular- 
to-metallic hydrogen transition about halfway to the planet's center. 


cecause of its rapid rotation, Satum is the 
B= oblate planet in the solar system. 

The flattening of the planet can be seen 
even through a small telescope, However, the 
planet's internal rotation rate is not reflected in 
the measured periodicities in magnetic field data 
and Saturn kilometric radiation (SKR) data (/). 
Periodic signals coherent in period, amplitude, 
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and phase over several months, including the 
Cassini rotation period of 10 hours, 47 min, 6 s 
(2), do not reflect the rotation of the deep in- 
terior but rather are based on a slippage of 
Saturn's magnetosphere relative to the interior, 
possibly duc to a centrifugally driven instability 
in Satum’s plasma disk (J, 3). For the purposes 
of obtaining a reference geoid and interior den- 
sity distribution, both of which are dependent on 
Saturn's deep rotation rate, we analyze the avail- 
able gravitational data (4) and radio occulta- 
tion and wind data (5) with an approach free 
of any tighta priori constraints on Satum’s rotation 
petiod. 


‘The gravitational data reflect Satum’s inte- 
rior density distribution and internal rotation rate, 
whereas the radio occultation and wind data re~ 
fect dynamical effects on the shape of a surface 
‘of constant pressure: the 100-mbar isosurfxce in 
Satum’s atmosphere. By finding a mean geoid 
{a static surface of equal gravitational potential 
‘energy) that both matches the gravitational data 
and minimizes the wind-induced dynamic heights 
of the 100-mbar isosurface with respect to the 
mean or reference geoid, we average out the 
dynamical effects on the atmosphere and ob- 
tain a static oblate Saturn model. We claim 
that this model, which minimizes the energy 
needed to drive the atmospheric winds, is a good 
approximation to the true physical state of Saturn 
below its atmosphere. The more rapid spin we 
find to be associated with the reference geoid 
affects atmospheric dynamics, The eastem wind 
speads on the equator are reduced, corresponding 
to a reduction in the equatorial bulge from 122 10 
10 km, 

The history of the figures of celestial bodies 
in uniform rotation is a rich one and of con 
siderable interest in itself fe.g., see chapter 1 in 
both (6) and (7)|. An important result from 
Newtonian mechanics, which is sufficient for the 
description of the shape of planetary bodies and 
stars, is that the extemal gravitational potential 
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function for a giant planet responding only 
to rotational forces can be expressed ina series 
of even Legendre polynomials P2, as in (8) 


= ae [ 3(®) ‘nisin ay 


wt 


Us is the total mass of Saturn, G is the 
jonal constant, Rs is an adopted reference 
radius for the gravitational field (60,330 km for 
‘Satum, a radius that approximates its equatorial 
radius), 7 is the radial distance, Jay are the 
numerical c 
of the gravitational field from spherical symmetry, 
and P, are the Legendre polynomials of degree 
2n, We obtained the equations of motion for a 
spacecraft, such as the Cassini spacecraft orbiting 

atum, by applying the vector gradient operator 
to a truncated series for to obtain the Cartesian 
vector equations ¥ = VF; where F is the vector 
(x, 5 2) referenced to the planet's center of mass 
and dots represent the time derivative. The spheri- 
cal coordinates are r and the latitude 9, which can 
be expressed in terms of equatorial Cartesian co- 


6 


-8 a ey is 


Altitude (km) 
Fig. 1. Altitudes of the 100-mbar isobaric surface 


above a reference geoid with three different periods 
[10 hours, 32 min, 35 s (PI); 10 hours, 35 min, 35 s 


700 


2)] and sin 
ly integrated 10 obtain the 
position and velocity of the spacecraft are more 
complicated than this (9); in particular, they in- 
volve perturbations by other bodies (satellites, 
‘Sun, and planets), the precession of Saturn's pole 
in inertial space, and relativistic terms of order 
7, where c is the speed of light, but F = VV 
represents the main orbital problem for spacecraft 
motion. The spacecraft mass is so small with re 
spect to that of other bodies that it can be ignored. 

It has no measurable effect on the motions of 
other bodies in the system. 

‘The mass constant GMs and the gravitational 
cveflicients Jy, in the equation above are in- 
ferred from the Cassini radio Doppler data [see 
supporting online material (SOM) text]. The 
Doppler velocity is closely approximated by the 
velocity of the spacecraft projected on the line 
of sight between Earth and Satum [the more 
exact relationship is given in (9) in terms of the 
actual data delivered by NASA's Deep Space 
Network (DSN)], and the velocity of the space- 
craft is obtained by numerical integration of the 
‘equations of motion. The inversion of the DSN 
Doppler data to obtain the gravitational data is a 
standard nonlinear least-squares problem, where 
the Doppler data are expressed as a function of 
the spaceeraft’s initial state (position and veloc 
ity F and F atan arbitrary epoch) and the gravi- 
tational parameters (GMs, Jy) This constitutes the 
fitting model. Before the Cassini mission, the 
best determination of the zonal harmonic 
efficients Ja, was obtained by analyzing the r- 
dio Doppler data from a Pioneer 11 flyby in 
1979, a Voyager I flyby in 1980, and a Voyager 
2 flyby in 1981 (/0), along with dynamical data 
‘on Satum’s rings (//). 

We obtain the radio occultation data at the 
100-mbar pressure level in Satum’s atmosphere 
from Pioneer and Voyager measurements (5), The 
recovered radii for the 100-mbar isosurface can 
be fit with a Cassini reference geoid with bestit 
values of the reference period and equatorial ri 
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dius (SOM text). Because the 100-mbar isosur- 
face agrees with the occultation radii, except for 
‘one outlier near 71.2°S latitude, we ignore the 
‘occultation radii in our calculations, However, 
they are useful as a check on the calculations. 

The heights of the 100-mbar isosurface ane 
plotted before any fitting in Fig. 1 for three pe- 
riods of rotation, Because Gumett et al. (/) 
‘conclude that any rotation period of the body of 
Satum, unperturbed by winds, must be less than 
the Voyager period, these three periods are rep- 
resentative of an interval of upper and lower 
bounds on the rotation period. One of the most 
puzzling features of the plot is why the polar 
radius at the north and south poles should differ 
by ~10 km. It is hard to understand how a planet 
as massive as Satur could maintain an offset 
between its center of figure and center of mass 
of fractional magnitude ~ 10, 

We adopt the curve labeled Pl in Fig. 1 as the 
best representation of Saturn's. 100-mbar 
surface, because it minimizes the height excur- 
sions of this surface with respect to the surface of 
the mean geoid (fig. $1), The period of rotation is 
10 hours, 32 min, 35 13 s. We suggest that this 
rotation period, which is consistent with the 
upper bound from all previous data, is the period 
‘of rotation of Saturn’s deep interior, ‘The ref 
‘erence geoid is symmetric about the equator and 
corresponds to a uniform period; it yields mini- 
‘mum [ina root mean square (rms) sense over all 
latitudes} dynamic heights of the 100-mbar iso- 
surface, and it corresponds to an extemal gravi- 
tational field that agrees with the field determined 
bby the Cassini radio Doppler data, In Table 1, we 
‘compare the “best-fit” reference geoid for both 
the older gravitational field detected by Voyager 
(0) and the gravitational field more recently 
detected by Cassini (4), The statistical errors in 
the first five fied parameters of Table 1 are con- 
siderably smaller for the 
showing the advantage of Wecluding the Cassini 
data in the analysis. The Voyager results could 
have been obtained over 20 years ago. Indeed, it 


(PI); and 10 hours, 38 min, 35 s (PIM), all shorter 
than the Voyager period of 10 hours, 39 min, 22.4 s 
(24) and hence consistent with recent findings on 
the variable rotation period of the inner region of 
Saturn’s plasma disk (2). The circles represent radii 
obtained by radio occultation measurements with 
the Pioneer 11, Voyager 1, and Voyager 2 spacecraft 
(6). The polar radius is fixed at 54,438 km, which is 
consistent with the mean polar radius of 54,438 + 
10 km that best fits the five radio occultation radii 
(6). The solid curves represent a 100-mbar isosurface 


Table 1. Best-it parameters for both the a priori Voyager and Cassini gravitational data. The 
Gravitational coefficients J2, Je, and Je are constrained by their a priori mean values and associated 
covariance matrix from respective Voyager (10) and Cassini (4) Doppler fits. This effectively produces a 
reference geoid that fits the gravitational data and minimizes the rms dynamic heights of the Voyager 
100-mbar isosurface (5). The period P and equatorial radius a are statistically consistent for Voyager and 
Cassini. Further, there is no significant improvement in the Cassini gravity field. However, the Voyager 
gravity field is improved by minimizing the heights of the 100-mbar isosurface. In particular, the 
Coefficient J, is brought more in line with the Cassini fit. The gravitational coefficients J2 through Jyg are 
iven in units of 10-*. The a priori constraints on Je and Jao are adopted as reasonable values that 
condition the fits. h, hours; m, minutes. 


in geostrophic balance based on zonalwind data ob- Parameter Voyager a priori Voyager fit Cassini a priori Cassini fit 
tained from the Voyager imaging system (5, 12,25). p None 10 h, 32 m, 55 +305 None 10h, 32 m, 35+ 13s 
The Cassini external gravitational field (4), the polar g (km) None 60352.0 = 6.8 None 60356.2 + 2.6 
en bates hig ged ae slice i k 16298 + 10 16298 = 10 16290.71 + 0.27 16290.73 + 0.26 
efine a reference geoid unperturbed by zonal 915 +40 =906 + 37 935.8 + 2.8 935.5 + 2.5 
Winds: the vertical zero fine. Over the G-min period 7 103 = 50 79 =23 84.1296 853485 
interval of the figure, the altitude of the equatorial ik “ines 1023 “1023 ap eS 
bulge, in exes ofthe undertying reference geoid is Soi Baa Bee ae 


approximately linear in the rotation period. 
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Table 2. Geodetic and interior parameters for four rotation periods that span the interval of 
possible Saturn rotation periods. The rotation is expressed in terms of the angular velocity « = 2x/P 
and either the equatorial radius a by the smallness parameter q = «*a°/GM or the mean radius R 
by m = «?R7/GMs, The mean density po is the density of a sphere with volume equal to the volume 


1386 


of Saturn's reference geoid 


The pressure po is a characteristic internal pressure given by po = 


GMgpgfR. The central density p, and the central pressure p. are calculated by integrating the equations 
of hydrostatic equilibrium and mass continuity with the adopted polynomial density distribution, The 
column in the table for a rotation period of 10 hours, 32 min, 35 s represents our recommended interior 


model for Saturn. 


Parameter 10h, 32m, 35s 10h, 35m,35s 10h, 38m, 35s 10h, 41 m, 355 
a (km) 603573 60305.7 60254.8 602049 
R (km) 582563 582243 581928 581619 
q 0.158904 0.157002 0.155136 0.153307 
m 0.142879 0.141300 0.139748 0.138224 
Po (kg m=3) 686.244 687.378 688.494 689.591 
Po (Mbar) 4.46819 4.47804 4.48774 4.49728 
J (10°) 16276.0 16303.8 1631.4 16358.5 
J, (10°) 934.1 937.3 940.5 943.6 
Je (10-) 83.9 843 84.7 85.2 
re (kg m3) 3080.07 3022.82 2965.97 2909.74 
pe (Mbar) 9.11744 8.88905 8.66533, 8.44742 
4 3500 
Hat 3000 wm 
3 2500 
° t 
£ -= 
2? * 1500] 
& 1009 
1 
500) 
0 oz 04 06 08 1 
6 
—4 -3 -2 -1 0 1 Fig. 3. The density p in Fig. 2 plotted against j. 
Log p(Mbar) 


Fig. 2. A pressure p and density p EOS inferred 
from a sixth-degree polynomial interior model 
that fits the Cassini gravitational data (4) and 
rotates at arate that minimizes wind perturbations 
(5), not at the slower rate previously assumed for 
Satur (2). The vertical line is at a pressure of 
3 Mbar, representative of the region where the 
transition from molecular to metallic liquid hydro- 
gen occurs (16). 


\was pointed out at the time of the Voyager wind 
analysis (/2) that a more rapid Satumian rotation 
rate would result in lower wind velocities with 
respect fo the solid-body rotation, but there was 
no reason then to question the rotation period 
inferred from SKR and magnetic field data. 
Now we know that the solid-body rotation is 
‘unknown (/) but that it most likely falls within 
period interval of ~6 min, For this reason, we 
calculate interior models for the four periods 
and the four corresponding reference geoids of 
Table 2. 

The idea behind the interior calculations for 
a reference geoid is to integrate the equations of 
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hydrostatic equilibrium with the boundary con- 
ditions that pressure and density are zero at the 
surface (SOM text). We represent the fractional 
density by a sixthlegree polynomial in frac- 
tional mean radius B. The first-degree tem is set 
to zero so that the derivative of the density goes 
to zero at the center (f} = 0). This simple model 
does not directly account for the molecutar-to- 
metallic phase change of hydrogen in the interior 
or the variation with depth in the concentration of 
elements like helium that are thought to occur 
(13). Its consistent with the Zharkov-Trubitsyn 
method of gravity sounding (/4, 15). The sixth 
{degree polynomial is continuous, unlike a density 
distribution with discontinuities at phase transi- 
tions of with a core of different composition than 
that ofthe envelope. The polynomial smooths out 
any real discontinuities in the density distribu- 
tion. In the sense that it fits all the currently 
available data on the shape and gravitational field 
of Saturn, the polynomial can serve as a useful 
approximation to more detailed models that in- 
clude the physics of the equation of state (EOS). 
We match the sixthdegree polynomial to the 


10, 


(Mba) 


02 os 


Fig. 4. The pressure p in Fig, 2 plotted against p. 


measured gravitational coefficients Ja, ./4, and Js 
by the third-order theory of level surfaces (/4), 

‘The results are shown in Table 2 for four 
rotation periods, from a lower bound of 10 hours, 
min, 35 s (the period comesponding to PI in 
ig. 1), which is consistent with our best-fit ref= 
‘erence geoid, to an upper bound of 10 hours, 41 
Ss, which is somewhat less than the 
previously adopted rotation period for Satu, We 
rule out any periods shorter than PI because that 
would result in the interior of Satum rotating 
more rapidly than the surface winds suggest. 
Density and pressure for the reference geoid PI 
are plotied parametrically in Fig. 2 and are shown 
separately versus depth in Figs. 3 and 4, respec- 
tively, A pressure of 3 Mbar occurs at about B= 
O48, which is consistent with a transition from 
molecular to metallic hydrogen at this depth. The 
Parametric plot of Fig. 2 is in good agreement 
with a physical EOS derived from experiments 
with deuterium under high pressures (/6). 

We have shown that Satum’s mass, radius, 
and gravitational coefficients Ja, Ja, and Je can 
be fit by a simple model of the planets interior, 
based on a sixth-degree polynomial (SOM text). 
The polynomial probably underestimates the 
mass of a core of a different chemical com- 
Position from that of the envelope, especially 
with a likely density jump at the core-envelope 
boundary. Curent models of Saturn's interior 
have cores with masses between about 10 and 
20 Earth masses (/3, 16-20). In some of these 
previous models (/3, 20), even the larger core 
estimates are lower bounds, because core mass 
trades off against helium and heavy clement 
separation and concentration at depth in the 
models. Recent models of Saturn’s interior di- 
vide the planet into multiple regions, consisting 
of at least a molecular hydrogen-helium outer 
envelope surrounding a metallic hydrogen layer 
and a rock-ice core at the center, These models 
are characterized by many parameters, and they 
are beset by uncertainties in the EOS of hydro- 
gen and the phase diagram of hydrogen-helium 
mixtures (2/), The simple polynomial model of 
this paper suffices to fit the gravitational co- 
efficients. The ability of a simple polynomial 
‘model to fit the gravitational data diminishes the 
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necessity for inhomogeneity in the interior com- 
position of Satur, although phase separation of 
helium seems to be necessary to explain the 
planet's heat flux and evolution (20), Core ac- 
cretion theory (22, 23) of the planet's formation 
requires a critical core mass of about 10 Earth 
masses for rapid accretion of its gaseous 
hydrogen-helium envelope. 
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Asymmetry in the Structure of the 
ABC Transporter-Binding Protein 
Complex BtuCD-BtuF 


Rikki N. Hvorup,? Birke A. Goetz, Martina Niederer,* Kaspar Hollenstein,* 


Eduardo Perozo,” Kaspar P. Locher?* 


BLuCD is an adenosine triphosphate-binding cassette (ABO) transporter that translocates vitamin By2 
from the periplasmic binding protein BtuF into the cytoplasm of Escherichia coli. The 2.6 angstrom 
crystal structure of a complex BtuCD-F reveals substantial conformational changes as compared 

with the previously reported structures of BtuCD and BtuF. The lobes of BtuF are spread apart, and Biz 
is displaced from the binding pocket. The transmembrane BtuC subunits reveal two distinct 
conformations, and the translocation pathway is closed to both sides of the membrane. Electron 
paramagnetic resonance spectra of spin-labeled cysteine mutants reconstituted in proteoliposomes are 
Consistent with the conformation of BtuCD-F that was observed in the crystal structure, A comparison 
with BtuCD and the homologous HI1470/71 protein suggests that the structure of BtuCD-F may reflect 


a posttranslocation intermediate. 


denosine triphosphate (ATP)-binding 
As ite (ABC) transporters are integral 
nembrane proteins that use the energy 
gained from hydrolyzing ATP to drive the 
transport of diverse substrates across cellular 
membranes (J), In bacteria, binding protein 
dependent ABC importers facilitate the uptake of 
essential nutrients from the environment (2). One 
such protein is the Escherichia coli vitamin Byy 
transporter BtuCD (3, 4) that is related in se 
quence and mechanism to iron-siderophore trans- 
Porters associated with the virulence of certain 
pathogenie bacteria (5, 6). Like other ABC trans- 
porters, BluCD consists of two transmembrane 
domains (TMDs) (ic, BtuC subunits) that form a 
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pathway for the substrate and two cytoplasmic 
nucleotide-binding domains (NBDs) (BtuD sub- 
units) that bind and hydrolyze ATP. The fold of 
the NBDs and their arrangement in ABC trans- 
porters are conserved, whereas the architectures 
of the TMDs are not (2). For example, BtuCD 
has 20 transmembrane (TM) helices, distinet from 
the 12 TM helices of the multidrug exporter 
‘Sav1866 (7) or the molybdate/tungstate importer 
ModBC (8). The cognate periplasmic binding 
protein of BuCD is Btu, which captures B,» and 
feeds it to the external side of the transporter (9). 

‘A detailed understanding of transport phenome- 
na requires direct visualization of the transporters 
in different conformations and at high resolution. 
At the present time, no ABC transporter has been 
Visualized in more than one state, illustrating the 
challenges involved. Here we present the struc 
ture of a BtuCD-F complex (stoichiometry 
BuC;D;F), which has captured a conformation 
that may reflect a posttranslocation intermediate. 
We compared this structure with those pre 
ously determined of BtuCD (J0) and BtuF 
(1, 12)and with that of the homologous metal- 


chelate transporter HIN47071 (13), We found 
substantial structural changes that may be relevant 
for formulating a transport mechanism, 

‘To generate BluCD-F, we exploited an earlier 
finding (J/, 14) and added Byy-bound BuuF to 
detergentlyzed E, coli cells overexpressing 
BiuCD (/5), From this mixture, we purified a 
BtuCD-F complex that is colorless and therefore 
devoid of bound By. We used a mutant of 
BtuCD with all surface-exposed cysteines. re~ 
h offered the 
advantage that it was also suitable for spin la- 
beling and electron paramagnetic resonance 
(EPR) spectroscopy. Cysless BluCD has un- 
changed adenosine triphosphatase (ATPase) ac- 
tivity as compared to native BtuCD and also 
shows. characteristic, nearly twofold stimulation, 
of ATP hydrolysis rates upon the addition of By, 
bound Btu (ATP hydrolysis rates of 492 17 
nmol mg! min”! for BtuCD and 784 = 8 nmol 
mg! min” for BtuCD-F at room temperature), 

‘The crystal structure of the BluCD-F complex 
(Fig. 1) revealed that BtuF is bound to the peri= 
plasmic face of BtuCD. Although the diftinction 
data extended to 2.6 A (table $1), high-quality 
electron density was visible for only the BtuC and 
BiuD subunits, whereas in the region of Btu, 
electron density was not as good (fig. SIA). 
probably reflects the Mexibility of BtuF when 
bound to the transporter or the absence of lattice 
contacts involving Btu, The experimental elec- 
tron density nevertheless allowed for unam- 
biguous tracing of BiuF, using the previously 
determined high-resolution structure asa template. 

In the structure of BtuCD-F, the binding 
protein is devoid of substrate, which is remarkable 
given the high affinity (~15 nM) of isolated BtuF 
for By (9). The loss of By> fiom the binding 
pocket correlates with a substantial opening or 
spreading of the two lobes (N lobe and C lobe) of 
BiuF and with the insertion of periplasmic BtuC 
loops into the By2 binding pocket. When the N 
Jobe of the structure of BtuF in isolation is super- 
imposed onto that of the complex, the change in 
the C lobe can be described as a pivoting by ~8° 
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around a hinge approximately located at the C- 
terminal end of the “backbone helix” of BtuF 
(Fig. 2). As a consequence, the regions of the C 
Jobe in contact with BtuCD are shifted outward by 
some 4 A, away from the By» binding site. Lobe 
opening has previously been suspected to be 
important for substrate delivery of other binding 
protein-dependent ABC importers (/6), but no 
sizeable lobe opening was observed in the erystal 
structure of apo-BtuF (/2), suggesting that 
binding to BtuCD is critical for this event. 

The contact interface between BtuF and 
BtuC> involves the two nonidentical lobes of BtuF 
(Fig. 1B), Each lobe contacts primarily one BtuC 
subunit, thus inducing slight asymmetry in the 
periplasmic loops of the two BtuC’ subunits. The 
interface involves various BtuC loops, including 
parts of helix Sa (Fig. 1C), There are several 
charged residues participating in the interface, 
\which is consistent with observations seen in other 
ABC importers (8, 17, 18). In particular, it was 
predicted that arginine residues from BtuC, 
conserved in metal-chelate type ABC importers, 
‘may interact with conserved glutamate residues on 
the surface of BuuF (//). Our BuCD-F structure 
confims this prediction and reveals salt bridges 
between Arg® residues from both Btu subunits 
and the glutamate residues Glu”* and Glu?” from 
Blu, These salt bridges appear to be important for 
proper interaction in vivo, because the deletion of 
the analogous glutamate residues in the feri- 
chrome binding protein FhuD abolished transport 
(/8). We also found that mutating Glu” of E. coli 
BiuF into an alanine residue prevents the efficient 
formation of the BiuCD-F complex in vitro, The 
periplasmic loops between TMS and helix Sa from 
both BiuC subunits reach into the B}, binding site, 
partially occupying the space of previously bound 
By2, Combined with the spreading of the lobes of 
BuF, the insertion of periplasmic BtuC loops is 
probably responsible for triggering By» displace- 
‘ment from the binding pocket. 

‘The BtuD subunits (NBDs) reveal a nucleo- 
tideffee “open” conformation with a gap between 
the P loops (phosphate-binding loops) and the 
LSGGQ (Leu-Ser-Gly-Gly-Gln) motifs of 
opposing NBDs. It has been noted earlier (8) 
that there are substantial structural differences 
between the nucleotidefiwe states of the full 
transporters ModBC, HI147071, and BuCD 
and the NBD dimer from the maltose transporter 
MalKy (/9). This is in contrast to the highly 
similar conformations of the ATP-bound states, 
as revealed by the structures of the multidrug 
transporter Sav1866 and various ATP-bound 
NBD dimers (7, /9-22). There are no substantial 
structural changes of'the BuuD subunits in BuCD-F 
when compared to those observed in BtuCD, 
suggesting that for substrate-induced ATPase 
stimulation, only changes in the flex of 
the NBDs (but no distinct structural changes) 
may be neces 

The BtuC subunits are thought to provide a 
central translocation pathway for By». Whereas 
twofold rotational symmetry related these sub- 
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units in the original structure of BtuCD (/0), 
BruCD-F reveals striking asymmetry that is pri- 
marily evident in the helices TM3, TM4, TMS, 
and Sa but to a smaller extent also in other heli- 
ces. The observed asymmetry is relatively mod- 
rate at the interface with BuuF (Fig. 1, Band C) 
but is very substantial at the cytoplasmic side of 


Fig. 1. Stucture of the = A 
‘BtuCD-F complex in rib- 

bon representation. (A) 
Front view, illustrating 
the arrangement of the 
five protein subunits. 
The horizontal lines in- 
dicate the approximate 
boundaries of the mem- 
brane. N and C denote 
the amino and carboxyl 
termini, respectively. (B) 
View from the periplas- 
mic side. Regions of the 
BtuC subunits in contact 
with BtuF are teal. (C) 
Similar to (B) but for 
larity, BtuF is not shown. 
The TM helices are num- 
bered, and the regions in 
contact with BtuF are teal. 
The arginine residue con- 
served in metal-chelate— 
type ABC importers (R56) 
is shown as sticks and ine 
dicated. (D) BtuC subunits 
viewed from the cyto- 
plasm; helices are num- 
bered. The pronounced 
asymmety of TMS and, DD. P 
to a lesser degree, IM3 

and TM4 is shown. (E) 

BtuD subunits and the 
BtuC helices 6a and 6b 
(previously labeled L het- 
ces) viewed from the 
membrane. Helix 6b is 
the coupling helix, a fea- 


the membrane (Fig. 1D), Helices TM3 to Sa form 
a subset of TM helices whose orientations appear 
to control to which side of the membrane the 
translocation pathway is exposed. In the HI1470/ 
71 structure, this subset was found to be distinct 
in conformation as compared with BtuCD, caus 
ing HI1471 to adopt an inward-facing conforma 


ture also present in other ABC-transporter structures. 


Fig. 2. Conformational changes in BtuF. A stereo figure of the structure of isolated, B,2-bound 
BtuF (11, 12) is shown in light blue, and that of BtuF, devoid of By2 and in complex with BtuCD, is 
shown in red. The view is from the side, and the superposition is based on the N lobe of BtuF (eft 
lobe in the present view). As a result, only the C lobe reveals substantial changes, and for clarity, 
the N lobe of BtuCD-bound BtuF is not shown. The arrow denotes the C-terminal end of the 


backbone helix (top of the figure) of BtuF. 
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tion, whereas BluCD was outwand-facing. In 
BtuCD-F, helices TM3 to Sa of one BtuC subunit 
(yellow in Figs. 1 and 3; interacting mostly with 
the C lobe of BtuF) are similarin conformation to 
BtuCD, whereas the same helices of the other 
BiuC subunit (blue in Figs, 1 and 3; interacting 
mostly with the N lobe of BtuF) are similar to 
HI1471 (Fig. 3). This is reflected in the crossing 
angles of TMS in the three crystal structures, 
(able $2), As a consequence of the asymmetric 
conformations of helices TM3 to Sa, the central 
cavity in BuuCD-F is accessible to neither side of 
the membrane and appears too small to harbor a 
By, molecule, 


A. structure-based alignment of BuC and 
HI1471 (fig. S3) indicates conserved hydrophobic 
residues in TMS and helix Sa. These include 
Leu* and Leu'*” at the cytoplasmic side of 
TMS and Leu'”? and Met’ in helix Sa. In 
BtuCD-F, these residues shield the central cavity 
fiom the cytoplasm and the periplasm. Analogous 
hydrophobic residues are also present in the amino 
acid sequences of other metal-chelate ABC im- 
porters such as the E.coli ferrichrome importer 
FhuB, suggesting a common role in gating. 

Because the asymmetrically occluded confor- 
mation of BtuCD-F was notable and unexpected, 
‘we sought to confirm its relevance in lipidic 


ate 


Fig. 3. Comparison of the TMD conformations of BtuCD (red), BtuCD-F (yellow and blue), and 
HI1470/71 (teal). For clarity, only helices TMS and Sa from both TMDs are shown after the 
superposition of the NBDs and all TM helices except TM3, TM4, TMS, and Sa. For a stereo figure of 


the superimposed structures, see fig. $2. 


Fig. 4. EPR studies of BtuCD and BtuCD-F. (A) Strategically placed reporter labels 141 and 168 in the 
BtuC subunits are indicated by green and red spheres, respectively. They are located in the cytoplasmic 
loop preceding TMS (position 141) and in the periplasmic loop between TMS and helix Sa (position 168). 
(B) Normalized CW EPR spectra of BtuCD and BtuCD-F (black and red, respectively) after spin labeling at 
position 168 and reconstitution in proteotiposomes. Mobile (m) and immobile () components of the 
spectra are shown, and the region of the spectrum revealing spin-spin coupling is indicated with an arrow. 
The scale bar represents 15 gauss. (C) Similar to (B) but with spin labels at position 141. The spectra of 
BtuCD and BtuCD-F are in black and green, respectively. 
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membranes. Hence, we introduced eysteine si 
chains at strategically placed positions in BuC, 
in the loops preceding and following the key 
transmembrane helix TMS (residues Ser'* and 
Thr'*, respectively). Because of the stoichiom- 
etry, each mutation introduced two eysteines in 
the assembled transporter, We modified the engi- 
neered cysteines with spin labels and recorded 
continuous-wave (CW) EPR spectra of BtuCD 
and BuCD-F afier reconstitution in proteolipo- 
somes, which mimic the native environment of 
membrane proteins. CW EPR spectra 
local dynamies of spin labels, which 
by the environment of the protein 
same time, the spectra can reveal spin-spin 
coupling if the distance between two spin labels 
becomes short enough (<20 A) (24). Our spectra 
ci ferences between 
c side of 
the membrane, the spin labels at position 168 
reveal substantial mobility in BluCD, with two 
clearly defined dynamic components. The addi- 
tion of Byy-bound Btu appears to restrict the 
overall dynamics, and coupling between spin 
labels becomes evident in the spectrum, in 
ing a shortened distance between the labels, The 
spectra are consistent with the structures of 
BuCD and BtuCD-F. In the latter, the distance 
between Ca positions of the residues 168 from 
the BtuC subunits decreased to ~14 A fiom >25 A 
in BtuCD. In addition, the extemal loops betwe 
‘TMS and helix Sa extensively interact with Bu 
which probably accounts for the decreased 
mobility of the labels in BtuCD- 

‘At the cytoplasmic side of the membrane (in 
the loop between TM4 and TMS), the differences, 
between the spectra are even more dramatic. In 
BtuCD, the labels at position 141 are high! 
mobile (almost atthe rigid limit), consistent with 
their location at the center of the transporter in an 
outwan-facing conformation, The addition of 
B,,-bound BtuF and the formation of BuCD-F 
lead to two distinct components in the spectrum, 
‘one indicating an immobile label, the other a 
mobile label, Although we cannot rule out the 
possibility that the two components are the result 
of a dynamic exchange of labels between two 
environments, the BluCD-F structure off 
simpler interpretation: The asymmetry between 
the BtuC subunits probably causes the two labels 
to face distinctly different environments (Fig. 
1D). Whereas residue 141 of one BruC subunit 
(yellow in Fig. 1D) is located at the center of the 
complex, where the flexibility of the spin label is 
probably restricted, that of the other BtuC subunit 
(blue in Fig. 1D) is at the periphery, where the 
label may experience a much higher conforma- 
tional flexibility, This interpretation predicts 
‘equal contributions of the mobile and immobile 
components in the EPR spectra, which agrees 
with a quantitative analysis of the spectra (fig. 
$4). The EPR spectra are thus consistent with the 
conformations of the TMS helices that were ob- 
served in the crystal structures of BtuCD and 
BuCD-+F (Fig. 3), and we conclude that both 
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structures probably reflect conformations that are 
relevant in native membranes. 

On the basis of biochemical data and the 
structures of full ABC transporters determined in 
recent years, a conserved coupling mechanism 
for ABC transporters has recently been proposed 
that suggests that binding of ATP to the NBDs 
promotes an outward-facing conformation of the 
TMDs, whereas a release of the hydrolysis pro- 
duets promotes an inwant-facing conformation 
(8, 25). ABC importers would thus acquire sub- 
strates from their binding proteins in the ATP- 
bound state and release the substrates 10 the 
eytoplasm upon dissociation of the ATP hydrol- 
ysis products (2), This basic two-state scenaric 
in agreement with the structures of Sav1866, 
H11470/71, and ModBC, which all visualize such 
states, whereas those of BtuCD and BtuCD-F re- 
veal intermediate conformations, Although there 
may be rnces in the detailed transport 
mechanism of BtuCD when compared with that 
of the maltose transporter MalFGK or the 
‘molybdate/tungstate transporter ModBC, BtuCD 
may nevertheless largely follow the common 
coupling mechanism of ABC transporters. 

the BtuCD-F complex is stable in the ab- 
sence of ATP, which is different from MalFGK or 
Mod BC, where ATP and vanadate are required to 
generate stable complexes with the binding pro- 
teins (8, 26), Even though the interact 
BtuCD with Btu i 
the high-affinity 
across the membrane requires. ATP both in vivo 
and in vitro, During a productive transport eye 
Biz is probably fed into an outwand-facing con- 
formation such as that observed in the structure 
of BluCD and later released into the eytoplasm 


fom an inward-facing conformation similar to 
that revealed by HI147071. The BtuCD-F struc 
ture presented here isa conformation that is, with 
respect to its TMDs, an intermediate between 
those of BtuCD and HI1470/71. This suggests 
that during the conversion from the inward-to the 
‘outwanl-facing conformation, the BtuC subunits 
‘may not alter their con formations simultaneous 

Unlike BtuCD, many other ABC transporters 
have pairs of TMDs with distinct amino acid 
sequences, which may have mechanistic conse- 
quences. The structure of BtuCD-F provides an 
opportunity to study conformational asymmetry 
at high resolution, which could prove usefil for 
the mechanistic understanding of intrinsically 
asymmetric ABC transporters. 
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LeuT-Desipramine Structure Reveals 
How Antidepressants Block 
Neurotransmitter Reuptake 


Zheng Zhou,” Juan Zhen,” Nathan K. Karpowich,* Regina M. Goetz," Christopher J. Law,” 


Maarten E. A. Reith,’+ Da-Neng Wang"t 


Tricyclic antidepressants exert their pharmacological effect—inhibiting the reuptake of serotonin, 
norepinephrine, and dopamine—by directly blocking neurotransmitter transporters (SERT, NET, 

and DAT, respectively) in the presynaptic membrane. The drug-binding site and the mechanism of 
this inhibition are poorly understood. We determined the crystal structure at 2.9 angstroms of the 
bacterial leucine transporter (LeuT), a homolog of SERT, NET, and DAT, in complex with leucine and 
the antidepressant desipramine. Desipramine binds at the inner end of the extracellular cavity of 


the transporter and is held in place by a hairpin loop and by a salt bridge. This bindi 


site is 


separated from the leucine-binding site by the extracellular gate of the transporter. By directly 
locking the gate, desipramine prevents conformational changes and blocks substrate transport. 
Mutagenesis experiments on human SERT and DAT indicate that both the desipramine-binding site 
and its inhibition mechanism are probably conserved in the human neurotransmitter transporters. 


rotransmitter transporters for serotonin 
(SERT), norepinephrine (NET), and dopa- 
mine (DAT) in the presynaptic plasma membrane 


Ss and chlorine ion-dependent neu- 
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terminate neuronal signal transmission in the 
central nervous system through a reuptake 
mechanism (J-6). These systems have been 
shown to modulate mood, emotion, sleep, and 


appetite (7). Depression, arguably the most 
prevalent psychiatric disorder, is directly asso- 
ciated with perturbation of serotonergic neuro- 
transmission (8, 9), and drugs blocking serotonin, 
reuptake have been used successfully for its 
treatment. One class of these drugs, tricyclic 
antidepressants (TCAs) such as desipramine and 
imiprami 

rine transporters with affinities of nanomolar to 
tens of nanomolar concentrations and blocks 
transport activity (/0). The response rate of pa- 
tients to TCAs is typically 60 to 70% (//). More 
recently, highly selective serotonin-reuptake 
inhibitors (SSRIs) such as fluoxetine (Prozac) 
have also been developed and are increasingly 
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Fig. 1. Binding of various antidepressants and other compounds to LeuT. (A) Affinity of desipramine, 
imipramine, fluoxetine, and nortriptyline. Data are shown as means + SEM (vertical bars, n = 3). The 
Go values for inhibition [?Hlleucine binding to LeuT were 80 + 5, 244 + 12, 858 + 64, and 75 + 14 uM, 
respectively. (B) Mechanism of inhibition of [?H]leucine binding to LeuT by desipramine and nortriptyiine. 
The plot shows that desipramine and nortriptyline are not competitive inhibitors of leucine binding to 
LeuT. A representative experiment is shown (n 


L400 


‘ 


Fig. 2. Structure of the LeuT-desipramine complex and molecular mechanism of LeuT inhibition by 
desipramine, (A) Structure shown as ribbon diagram viewed from within the membrane plane. An Fo — 
Fea map contoured at 3 cis superimposed on the structural model. The EL4 hairpin is colored green, and 
the rest of the protein pink. The helices TM6 and TM11 are removed for clarity. (B) 2Fots — Fea Map 
contoured at 1 « showing the desipramine-binding site in LeuT, viewed from within the membrane plane. 
Residues R30, Y108, and F253 form the extracellular gate that separates the leucine substrate from the 
bound desipramine. (C) Local structural changes of LeuT induced by desipramine binding. The structure 
with desipramine bound is shown in pink and green, without desipramine binding in cyan and blue. 
When desipramine binds, the side chain of R30 rotates toward D404 and forms a salt bridge with the 
latter, and the EL4 hairpin, along with A319 and F320, is pushed toward to the extracellular space. (D) 
Molecular contacts between LeuT and the bound desipramine molecule. The chemical structure of 
desipramine is shown together with LeuT residues that are in direct contact with the drug. Residues from 
the EL4 hairpin are shown in the green box; residues from the rest ofthe protein are shown in pink boxes. 
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prescribed to treat depression (/2), The molecular 
pharmacology of TCAs and SSRIs has been well 
defined, and theirin vivo pharmacological effects 
appear to be mediated almost exclusively by 
serotonin- and norepinephrine-reuptake_inhibi- 
tion. Despite exter vestigations, however, 
whether the substrate-binding and drug-binding 
sites are overlapping and whether the dng 
inhibition mechanism is of a competitive nature 
remain controversial (3. 

The human SERT, DAT, and NET proteins all 
belong to a family of transporters for amino 
and their derivatives, the neurotransmitter:soxlium 
symporter (NSS) family (2-5, /4). Although the 
dopamine transporters from human, bovine, or 
rat are inhibited by TCAs at an inhibition con- 
stant (Kj) of micromolar concentrations, the DAT 
proteins from Caenorhabditis elegans (15) and 
Drosophila melanogaster (16) hibited by 
TCAs at a K, of nanomolar and submicromolar 
concentrations, respectively (/7). As bacterial 
NSS proteins share up to 30% sequence identity 
with human SERT and NET, as well as worm and 
fly DATs, we hypothesized that bacterial NSS. 
proteins also have high binding affinity to TCAs 
and could provide opportunities for studying 
protein-drug interactions, We therefore chose 
SS protein, the leucine transporter 
m Aquifex acolicus, to study the 
molecular mechanism of neurotransmitter trans~ 
es 2010 


% sequence identity 
With human neurotransmitter transporte 
atal structure of LeuT, which was previously 
determined (/9), revealed a shot glass-shaped 
bundle of 12 transmembrane «helices (TMI to 
‘TM12), with a substrate leucine and two sodium 
ions bound at the center of the protein. The 
substrate-binding site is closed off from the extra- 
cellular space by a gate, There is an extracellular 
cavity in the protein, into which protrudes a helix 
hairpin formed by extracellular loop ELA. 

We screened for binding of various tricyclic 
and other types of antidepressants to LeuT using 
scintillation proximity assay (20), Several 
tricyclic compounds (imipramine, nortriptyline, 
protriptyline, amitriptyline, and doxepin) showed 
binding affinity (fig, $1), but desipramine bound 
LeuT most tightly, with a median inhibitory 
‘concentration (IC5q) of 80 uM (Fig, 1A), In addi- 
tion, fluoxetine also showed measurable binding, 
(fig. SI and Fig. 1A). Desipramine was found to 
inhibit leucine binding to LeuT by decreasing its 
maximal binding capacity without changing its 
binding affinity (Fig. 1B); this finding indicates a 
mechanism that docs not involve competitive 
inhibition, To test if desipramine binding also 
inhibits substrate transport, we measured the 
leucine transport activity of LeuT in reconstituted 
proteoliposomes and found that, at a concentra 
tion of 200 1M, desipramine indeed completely 
abolished LeuT’s transport activity (fig. $2). 

To investigate the molecular basis of TCA 
binding to LeuT, we cocrystallized the transporter 
with desipramine and, by directly refining the 
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diffraction data against the TC? 
structure (19) (table $1), determined the ci 
structure at 2.9 A resolution (Fig. 2A and fi 
The overall structure of the LeuT-desipramine 
complex (Fig. 2) is similarto that of the protein in 
the absence of desipramine (/9), with a root 
mean square deviation (RMSD) of 0.2 A for all 
the non-hydrogen atoms. Neither the leucine 
substrate nor the two Na” ions had moved. 
However, a 5 6 Foy ~ Feate (observed and 
calculated structure factors) electron density peak 
‘was observed at the inner end of the extracellul 
cavity of the protein (Fig. 2, A and B, and fi 
83), which fits well with a desipramine mole 
‘an interpretation consistent with the inhibitory 
effect of the TCA molecule on LeuT’s transport 
activity (fig, $2) and the evidence that desipra- 
mine is not a competitive inhibitor (Fig. 1B). 
The bound desipramine molecule sits at the 
inner end of the extracellular cavity in LeuT with 
its three rings tilted at a 40° angle to the mem- 
brane plane (Fig, 2B). The “tail” of the molecul 
an extended methylaminopropy! chain, projects 
toward the extracellular space. The desipramine 
molecule is separated from the substrate leucine 
by the extracellular gate of the transporter, which 
consists of residues R30, Y 108, and F253 (21). 
Note that the desipramine-binding site and the 
leucine-binding site are nonoverlapping, but they 
do share F253 as a common residue, As F253 
and Q34 make contact with the first and third 
tings of desipramine (Fig. 2, B and D, and table 


), respectively, R30 from TMI forms cat 
imeractions (22) with both the third desipramine 
ring and the phenylalanine ring of F253. On the 
extracellular side, desipramine is held in place by 
A319 and F320 of the tum of the EL4 helix 
hairpin, with the side chain of F320 engaging in 
hydrophobic interactions with the desipramine 
awepine ring and making contact with its tail, The 
desipramine tail also makes contact with residues 
L400 and D401 fiom the extracellular end of 
TMIO. With a pX, of 10.2 (23) (where pK, is the 
acid dissociation constant) and with its nitrogen 
N2atom being only 2.76 A away from D401 (Fig. 
2D and table $2), desipramine probably forms a 
salt bridge with the aspartate residue. In total, 393 
out of 469 A* the surface area of the desipramine 
molecule is buried by the protein, There is, 
however, still a substantial space in the protein 
oon the extracellular side of the desipramine tail 
(Figs. 2B and 3), which could accommodate the 
tail of other types of TCA molecules 

Although the overall LeuT structure does not 
change when it binds to desipramine, several 
residues at this binding site, as well as. the 


backbone of the EL4 hairpin, do move (Fig. 2, 
A and C), by means of a typical “induced-fit” 
‘mechanism, Specifically, the guanidinium group 


’8-Ne bond 


molecules that were 


of R30 is rotated by 170° about its C 
toward D404, and two wat 
located between these two residues in the absence 
of bound desipramine (19) are no lo 
observed. As a result, R30 and D404, a pa 


Fig. 3. Homology models and electrostatic surface potential of desipramine-binding sites in human 
‘SERT, NET, and DAT. (A) Desipramine-binding site in the LeuT-desipamine crystal structure. Homology 
model and electrostatic surface potential of desipramine-binding site in (B) hSERT, (C) hNET, and (D) 
DAT, viewed from within the membrane plane. The equivalent residues of those in LeuT that are in 
direct contact with desipramine are indicated. 
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conserved changed residues, form a salt bridge, 
effectively sealing the substrate leucine off from 
the extracellular space. Also in TM10, the side 
chain of D401 is rotated toward desipramine. 
Finally, the bound desipramine pushes the EL4 
hairpin toward the extracellular direction by ~1 A. 
Coupled with a ~16° rotation of its pheny 
ring, F320 effectively pins desipramine in plac 

The crystal structure of the LeuT-desipramine 
complex immediately suggests a mechanism for 
inhibition of substrate transport by the TCA 
molecule (Fig. 2A and fig. $4). The desipramine 
molecule is held in place by a salt bridge it forms 
with residue D401 and by interactions with 
residues of the EL4 hairpin loop. Desipramine 
also directly binds to the extracellular gate of the 
transporter and locks the gate by inducing 
formation ofa salt bridge between R30 of TMI 
and D404 of TMIO, The formation of this s 
bridge prevents tilting of TMI, which is believed 
to be required for substrate release to the cytosol 
(79), Thus, no substrate transport can occur, This 
inhibition mechanism is in contrast from the 
competitive inhibition of the aspartate transporter 
Git by threo-B-benzyloxyaspartate, in which the 
inhibitor binds partially to the substrate-binding 
site and concomitantly keeps the extracellular 
gate in an open position (24), 

Human NSS proteins, as well as C. elegans 
and Drosophila DATs, share significant sequence 
homology with LeuT (fig. $5), Given that they 
all bind desipramine, we built three-dimensional 
homolo 
complex with the drug by directly threading their 
sequences onto our Leu'T-desip 
(Fig. 3). Both the residues of the extra 


adels for the human proteins in 


ramine structure 
ular 


3, cid 
DAT / [7H]dopamine 3" 


as 
(PH }Substrate uptake (% control) 


00 


Fig. 4. Measurements of inhibition of PHidopamine 
and PHlserotonin uptake by desipramine for 
human DAT and SERT mutants in HEK-293 cells. 
Wild-type (WT) hDAT, hSERT, and various mutant 
constructs are denoted on the left. Results are ex- 
pressed as percentage of uptake measured with 
vehicle (% control). Data are shown as means + 
SEM (horizontal bars, n = 3 to 5). *P < 0.05 
(compared with corresponding WT at the same 
concentration of desipramine, one-way analysis of 
variance followed by Dunnett multiple comparison 
test for hDAT and Student's t test for hSERT). 
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gate and the topology of the EL4 helix hai 
conserved (fig. $5). The TCA-binding pocket in 
between is therefore likely to be conserved, and 
the homology models, which all show an acidic 
as in LeuT (Fig. 3,B to D), 
The difference in binding affinity to 
likely to depend on 
sequence variations at the tip of the EL4 haimpin 
and at the extracellular end of TM10 (lig. $5). 
Indeed, previous experiments of both loss-of- 
function mutagenesis for human NET (hNET) 
(/7) and gain-of-function mutagenesis (25) fe 
DAT in tenns of TCA binding supported a bind: 


ing site at just this position for the human 
proteins, Thus, we hypothesized that both the 
desipramine-binding site and the inhibition mech- 


ism of substrate uptake by LeuT were conserved. 
also in the human neurotransmitter transporters. 

We tested the above two hypotheses by mu- 
tating key residues at the presumed TCA-binding 
sites in the human neurotransmitter transporters 
SERT and DAT, followed by measuring their 
transport inhibition by desipramine in human 
embryonic kidney cells. The [C39 values of desi- 
pramine for inhibiting uptake by DAT, SERT, 
and NET are 82,000 nM, 64 nM, and 4.2 nM, 
respectively (/0), We performed gain-of-function 
‘mutagenesis in terms of desipramine binding for 
both hDAT and hSERT proteins by mutating 
their key residues to those found in the seque 
of HNET, the protein with the i 
desipramine. We focused on residues atthe t 
the EL4 hairpin and the extracellular end of the 
‘TM10 (Fig, 2, B and D, and fig, $5). Asa control 
experiment, we first mutated P387 in hDAT (the 
equivalent of F320 in Leu) to an alanine 
Because cither a profine (as in C. elegans DAT) 
or an alanine (as in NET) at this position can 
confer nanomolar affinity for TCAs, a proline — 
alanine mutation should not further increase 
HDAT's affinity for TCAs. Indeed, hDAT- 
387A mutant showed little inerease in inhibition 
compared with the wild-type at either 10 or 30 
UM desipramine (Fig. 4), with no change in IC 
(table $3). However, when 1390 in the EL4 
hairpin (equivalent of G323 in LeuT) and F472 
in TMLO (equivalent of L400 in LeuT) were 
individually mutated into their corresponding 
residues in hNET (valine and leucine, respectiv 
ly), the ICg for inhibition of [*H)dopamine 
uptake by desipramine decreased by 63% and 
79%, respectively (Fig. 4 and table $3). Sim- 
ilarly, in hSERT when K490 (corresponding to 
D401 in LeuT) was mutated into a threonine as 
found in hNET, a 51% decrease in ICsy of in- 
hibition of [’H]serotonin uptake by desipramine 
‘was observed (Fig. 4 and table $3). Such gain-of- 
function mutagenesis data clearly demonstrate 
that desipramine binds to the same site in both 
hDATand hSERT (Fig. 3, B and D) as it does in 
Leu (Fig. 3A) and inhibits transport activity in 
the same manner (Fig. 2A), 

Taken together, our results show that the 
TCA-binding site is probably conserved from 
bacterial to mammalian NSS proteins. Therefore, 
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the human Na‘/Cl-dependent neurotrans- 
mitter transporters SERT, NET, and DAT, 
likely that TCAs, as well as SSRIs, also bind 
between the extracellular gate and EL4 hairpin, 
thereby inhibiting neurotransmitter reuptake at 
the synapse. In combination homology 
modeling (26) and molecular docking, the 
identification of this drug-binding site will allow 
studies on the interactions of SERT-, NET-, and 
DAT-specitic inhibitors (27) with these trans- 
porters and may aid in the structure-based design 
‘of more effective neurotransmitter-reuptake in- 
hibitors as antidepressants. AS membrane pro- 
teins constitute 60 to 70% of the targets for small- 
molecule drugs (28), the strategy employed 
this work can probably be used in studying 
protein-drug interactions for other systems. 
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Cysteine Redox Sensor in PKGla 
Enables Oxidant-Induced Activation 


Joseph R. Burgoyne,’ Melanie Madhani,” Friederike Cuello,” Rebecca L. Charles,” 
Jonathan P. Brennan, Ewald Schréder,* Darren D. Browning, Philip Eaton™* 


Changes in the concentration of oxidants in cells can regulate biochemical signaling mechanisms 
that control cell function. We have found that guanosine 3',5'-monophosphate (GMP)—dependent 
protein kinase (PKG) functions directly as a redox sensor. The la isoform, PKGla, formed an 
interprotein disulfide linking its two subunits in cells exposed to exogenous hydrogen peroxide. This 
oxidation directly activated the kinase in vitro, and in rat cells and tissues. The affinity of the kinase 
for substrates it phosphorylates was enhanced by disulfide formation. This oxidation-induced 
activation represents an altemate mechanism for regulation along with the classical activation 
involving nitric oxide and cGMP. This mechanism underlies cGMP-independent vasorelaxation in 
response to oxidants in the cardiovascular system and provides a molecular explanation for how 
hydrogen peroxide can operate as an endothetium-derived hyperpolarizing factor. 


-, dysfunction, and disease, but also modification of proteins by oxidant species with 


O= molecules can cause cellulardam- nance of healthy cells and tissues (/-3), The 
ay 


play crucial roles in homeostatic mai 


a coupled alteration in function allows cells to 
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sense oxidants and, therefore, to influence bio 
logical responses (4-6). Cysteiny! thio 


teins can undergo posttranslational modi 
in the presence of oxidants that are important 
initiators of redox signaling (7-J/). Here we 
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Fig. 1. Disulfide dimerization of PKGlc in response 
to Ha02, Quantitative analysis (standard error bars 
shown) of immunoblots (see fig. S1A), showing the 
proportion of monomeric and dimerized kinase 
after exposure to various concentrations of HO. 


Fig. 2. (A) Effect of H:0, on vaso- 
relaxation and PKGla dimerization 
(which occur correlatively). Pro- 
portion of PKGla in dimerized 
form (left panel) or vasorelaxation 
(Fight panel) after treatment of 
isolated perfused rat hearts for 
the indicated times (standard er- 
rors shown, r= 0.95, P< 0.0001). 
Effect of NO donor S-nitroso-N- 
acetylpenicillamine (SNAP) is 
shown in the dotted line. (B) 
Vasorelaxation in isolated thoracic 

aortic rings induced by NO (top ° 
left), Haz (top middle), or insulin 
(bottom left) and dimerization of 
PKG by H2O2 (top right or insulin 
(bottom right). Shown are the ef- 
fects of inhibition by sGC (0DQ, 
5 iM) or PKG (Rp-8-bromo-cGMPS, 
100 iM) on NO or H303-mediated 
relaxation. *P < 0.05 compared 
with control. The degree of relaxa- 
tion with the extent of disuifide 
oxidation correlated (r = 0.80, P< 
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(cyclic GMP or cGMP)-dependent protein ki- 
nase (PKG), specifically the la isoform, is redox- 
sensitive and that oxidation directly activates the 
Kinase. Oxidative stress causes. interprotein 
disulfide bond formation between two cysteine 
42 (Cys) residues on adjacent chains in the 
PKGla homodimer complex, rendering the 
nase catalytically active, independently of GMP. 
Disulfide-linked enzyme has increased affinity 
for substrate, whereas activation by CGMP causes 
ase in the maximum velocity of the 
enzyme-catalyzed reaction (Vina). Consistent 
with disulfide-mediated activation of PKGla, 
hydrogen peroxide (H;02) induces vasorelaxation 
of the coronary vasculature, consistent with its 
known function as an endothelium-derived hyper- 
polarizing factor (EDHF). 

We found that the regulatory (RI) subunits of 
adenosine 3',5-monophosphate (cyclic AMP) 
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Perfusion pressure (mmHg) (%) 


dependent protein kinase form interprotein disul- 
fides during exposure to 1303 (/2), which leads 
to activation of the enzyme (/3). In addition, we 
showed that PKGla also forms an interprotein di- 
sulfide during oxidative stress, which was reversed 
by the reducing agent 2-mercaptoethanol (Fig, 1). 
PKG contributes to the regulation of fundamental 
biological processes, including growth and devel- 
opment, gene expression, nociception, leaming, 
behavior, synaptic plasticity, and sexual function, 
(/4), In the cardiovascular system, PKG regulates 
blood pressure, excitation-contraction coupling, 
and platelet aggregation and, furthermore, has 
roles in diseases such as atherosclerosis, abnor- 
mal cardiac and vascular remodel 
failure (15). 


together under nondenaturing conditions by a 
leucine zipper in the N-terminal regulatory do- 
main, and the Cys" residues in aligned PKG 
molecules are in close proximity (/6), PK 
two splice-variant isoforms, la 
their N termini in ~100 amino 
ive Cys is unique to the la isoform. 
thought to bea structurally important co 
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disulfide (17), but our results suggest this is not 
the case, and reflects the susceptibility of this 
Kinase to artifactual disulfide oxidation when 
tissue is homogenized in air, By including the 
thio-alkylating agent maleimide in our prepara- 
tion butlers (/8), we trapped PGI in its in vivo 
redox state, revealing enhanced disulfide forma- 
tion in tissue subjected to pro-oxidizing con- 
ditions (Fig. 1 and fig. S1A). ‘The biochemical 
mapping of the interchain disulfide between 
Cys"? residues on adjacent chains (17) is, 
consistent with a molecular model of the N- 
terminal $8 amino acids of the kinase, on the 
basis of nuclear magnetic resonance analysis 
under reducing conditions (/6) (fig. S2). PKGla 
disulfide formation oceurs in tissue during HO 
treatment or in vitro (without reducing agents) 
on exposure 0 air, consistent with an initial 
“priming” sulfenation (-SOH) of one Cys" be- 
fore subsequent reduction by the other on the 
parallel chain, Cys" is surrounded by basic resi- 
dues, which promote ionization to the thiolate 
anion, rendering the cysteines reactive, which, 
together with proximity of ~8 A (fig, $2) be- 
tween interchain thiols, explains their suscepti- 


bility to disulfide formation. 

Fig. 3. (A) Effect of oxida- 

tion and cGMP on enzyme r000| 
kinetics. Purified PKGlc. 

and [PJATP were used in °° 
in vitro kinase assays with : 000 
Glasstide substrate. PKG ‘aaa 
with (right) and without 3 % “°° 


(left) cGMP. (B) Effect of 
oxidation on the affinity 
(Kq) of PKG for RhoA sub- 
strate protein. (Left) Wild- 
type reduced or oxidized; 
(Fight) mutant reduced or 
oxidized. (C) Translocation 
of disulfide PKGlc from the 
cytosol to membrane or 
myofilament-nuclear frac- 
tions in isolated hearts 
treated with the indicated 
concentrations of H202. 


We assessed whether nascent disulfide for- 
mation induced by H,0; had a functional 
comelation. We found 1302 treatment caused 
vasorelaxation in the heart, evidenced by a 
lowering of the coronary perfusion pressure 
during constant flow. Nitric oxide (NO) mediates, 
vasodilation by binding to and activating soluble 
guanylate cyclase (SGC), producing eGMP 
which binds and activates PKG (9-21), H:03 
treatment induced time-dependent vasorelaxation 
(Fig. 2A), comparable to that caused by NO. 
H;Or-induced PKGla disulfide formation [mea- 
sured by immunoblot (Fig. 2A and fig. $1B)] 
convlated well with relaxation [correlation co- 
efficient (r) = 0.95, P< 0.0001); the half-time 
(ha) for each was ~1 min, We reasoned that 
PKGla disulfide formation may directly con- 
tribute to vasorelaxation, and this could be 
independent of the NO-cGMP signaling path- 
way. To test this hypothesis, we conducted ex- 
periments using rat thoracic aortic vessels with 
intact endothelium (Fig. 2B). Vasorelaxation 
and PKG disulfide formation were observed 
with HO, (0.01 mM to 10 mM), The NO 
donor, N-[4-{1-(3-aminopropyl)-2-hydroxy-2- 
nitrosohydrazino}buty!}-1,3-propanediamine 


— 
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(spermine NONOate, 0.1 uM to 0.1: mM) also 
induced relaxation (but not disulfide formation), 
which was significantly attenuated by pharma- 
cological inhibition of sGC with II1-{1,2.4Joxa- 
diazolo[4,3-a}quinoxalin-1-one (ODQ, 5 iM) 
‘or PKG with Rp-8-bromo-guanosine 3',5'- 
monophosphothioate (Rp-8-bromo-cGMPS, 
100 uM). In contrast, H302-induced relaxation 
\was inhibited by Rp-8-bromo-cGMPS, but not 
ODQ. Again H;O;-mediated relaxation cor- 
related with the extent of PKGla oxidation (r= 
080, P < 0.0001). However, higher concen- 
trations of oxidant were required to produce 
relaxation or disulfide formation in these vessels 
compared with isolated hearts. The exaet reason 
for this is unclear, but probably relates to 
differences in endogenous oxidant generation, 
peroxidase enzymes, and variable half-life and 
‘compartmentalization of oxidants. Aortic rin; 
have a lower basal amount of PKGla disulfi 
dimer than hearts, which may reflect enhanced 
antioxidant status, possibly explaining why 
higher, albeit physiological, concentrations of 
1,0; concentrations are required to relax these 
preparations. These studies indicate that the 
H;0y-mediated relaxation is independent of the 
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Fig. 4. (A) Effect of H,0, on B wr ca2s ry 

PKG substrate phosphorylation in om "=5 

AO smooth muscle cells over- 

expressing wild-type or Cys42Ser Gta 

(C425) mutant PKGla. (Left) “ 

FLAG-tagged Cys42Ser mutant 

PKGlx was overexpressed in wens 

A10 cells. D, disulfide dimer; xcs channel 

IM, reduced monomer. (Middle) wos = : —— 
1,0, 


FLAG-tagged wild-type PKGla. 


formed a disulfide bond in response to HzO2 and decreased MLC phosphorylation. *P < 0.05 compared 


with control, Both of these H,Oa-mediated events were absent 


Cells overexpressing Cys42Ser mutant 


PGla. (Right) Immunofluorescence was used to localize overexpressed PKG (stained with an anti-FLAG 
antibody) in A20 cells treated with or without H.03. H20,-treatment induced a cellular relocalization of 
wild-type PKGIc (note arrows), but this did not occur with the mutant kinase. (B) Affinity of wild-type or 
Cys42Ser PKGlci from transfected A10 cells treated with or without H,O2 for endogenous substrates. 
D, disulfide dimer; M, reduced monomer. Disulfide oxidized kinase associates with PKG substrates, the 
BK, channel and MYPT1; whereas mutant Cys42 does not. Quantitative analyses of these data are 
shown in fig. $3B. (C) Effect of insulin on PKGla disulfide formation in A10 cells. 


sGC-cGMP pathway. The existence of other 
EDHFs is indicated by experiments showing that 
vasorelaxation occurs independently of the 
established NO and prostacyclin pathways, In 
some vascular beds, H1,03 functions as an EDHE 
(22), Our observations provide a molecular 
on for how HO, mediates signaling 


n also caused disulfide 
PKGla, which tent with its 
ability to generate superoxide and HO, (5) and 
non-endothelium-dependent 
However, the extent of insulin-mediated oxida- 
nnot explain the vasorelaxation induced 
by this hormone in our studies 

We further substantiated disulfide formation 
asa direet activator of recombinant PKGIq in in 
vitro kinase assays with the PKG substrate 
peptide Glasstide. cGMP treatment increased 
the Vinny Of the kinase by 45 + 14%, but had 
lite effect on its Michaelis constant (Kx) for 
substrate (Fig. 3A), In contrast, disulfide oxida- 
tion had little effect on Vinaas but decreased the 
enzyme’s Ky from 247 to 36 uM (P< 0.05). The 
increased affinity induced by oxidation was 
reversible, as dithiothreitol (DTT) treatment of 
the activated disulfide kinase retumed activity to 
basal level (fig. S4A). Disulfide activation is 
to the Ia isoform, as the If splice variant 


cons 
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was not redox modulated (fig. S4B). We also 
determined the binding constant (Ky) of wild- 
type PKGla or the mutant with Ser substituted 
for Cys™ (Cys42Ser or C42S mutant) for its 
physiological substrate RhoA (Fig. 3B). Oxida- 
tion enhanced the wild-type kinase’s substrate 
affinity 13-fold (4.6 t0 0.36 4M), but had no 
effect when the redox cysteine was replaced with 
serine. In subcellular fractionation studies from 
hearts ( 


a from the cytosol to the mem- 
ons (compartments 
wbstrates are found), 
ion-induced increase 
in substrate affinity. Subcellular translocation of 
other Kinases as a result of posttranslational 
‘modifications that enhance their substrate affinity 
have been reported (24). Our observations concur 
with a study showing PKGla activation by metal 
ion-mediated oxidation (25). 
To test the role of oxidation in direct 
tivation of PKGIa, we overexpressed FLAG- 
wgxed wild-type or redox-insensitive Cys42Ser 
mutants in AIO smooth muscle cells. Over- 
expressed wikltype PKGla, like endogenous 
enzyme, formed disulfide bonds following 
HyOx; however, the Cys42Ser mutant was un- 
affected (Fi ). The principle 
by which PKG increases vasorelaxation involve 


nechanisms 


. 3C), HO; induced translocation of 


the phosphorylation of the large-conduct 
Ca? activated K* (BK) channel (ultimate! 
decreasing intracellular concentration of free 
calcium), as well as activation of the myosin 
phosphatase complex (/-4). Myosin phosphat 
(MYPT1) dephosphorylates the myo ight 
chain (MLC) to decrease smooth muscle myo- 
filament sensitivity. We observed H,O,-induced 
dephosphorylation of MLC in cells expressing 
wikltype PKGla (Fig. 4A). Furthermore, cells 
expressing redox-insensitive PKGla demon- 
strated no detectable dephosphorylation of MLC. 
Confocal imaging of FLAG-tagged PKGla 
showed that wild-type kinase relocalized in A10 
cells after HO, treatment, but the Cys42Ser 
mutant did not (Fig. 4A). Wild-type or Cys42S 
mutant PKGIc was aflinity-purified using 8- (2- 
aminocthyl)thioguanosine 3’, 
immobilized on agarose (8-AET-cGMP-agaro 


from A10 cells trated with or without 130s (F 


disulfide dimer, shown by analysis using non- 
reducing SDS-polyacrylamide gel electrophoresis, 
of cells exposed to HO, whereas the Cys42Ser 
ined monomeric. The PKG substrates 
BK, channel and MYPT! copurified with dsulfide- 
oxidized wild-type kinase formed in response to 
1,0, but mutant PKGla did not form these 
associations, Disulfide formation of PKGIe. was. 
a hormone that 
is known to increase tration through 
stimulation of superoxide-gencrating oxidases (5), 
We have described a pathway and mechanism. 
by which the oxidant HO; directly activates 
PKGla (lig. $5). All PKG isoforms have €GMP- 
binding ites (amino acids 102 to 240 in la), 
that indirectly couple kinase activity to cellular 
NO abundance. The amino acid sequence im- 
mediately N-terminal to these ¢GMP-bi 
n PKGI almost completely de 
sequence difference between « and f isoforms. 
The a isoform appears to have dual mod 
vation, by NO-cGMP and by thiol oxidants, 
such as HOs, These two sensors are side by side 
in the protein, seemingly optimally placed to 
operate as an allosteric trigger. s 
structural alterations in the kinase, either by 
disulfide oxidation or CGMP binding, to catalytic 
activity. The Cys"? redox sensor in PK 
highly conserved throughout vertebrates, Conse 
quently, this redox control of PKGla may be a 
generic regulatory mechanism, 
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Common Sequence Variants in the 
LOXL1 Gene Confer Susceptibility 
to Exfoliation Glaucoma 
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Glaucoma is a leading cause of irreversible blindness. A genome-wide search yielded multiple 
single-nucleotide polymorphisms (SNPs) in the 15924.1 region associated with glaucoma. Further 
investigation revealed that the association is confined to exfoliation glaucoma (XFG). Two 
nonsynonymous SNPs in exon 1 of the gene LOXLI explain the association, and the data suggest 
that they confer risk of XFG mainly through exfoliation syndrome (XFS). About 25% of the general 
population is homozygous for the highest-risk haplotype, and their risk of suffering from XFG is 
more than 100 times that of individuals carrying only low-risk haplotypes. The population- 
attributable risk is more than 99%. The product of LOXLT catalyzes the formation of elastin fibers 
found to be a major component of the lesions in XFG. 


jucoma is the second most common 
G"= of blindness worldwide (1). Its 
athophysiology is poorly understood, 
and there is a compelling need for improved 
risk assessment and better treatment, 
ilaucoma is a heterogencous group of dis- 
onders that share a distinct optic nerve dam- 
age. In most populations, open-angle glaucoma 
(OAG), characterized by painless loss of vision, 
constitutes the majority of glaucoma cases and 
a Toss of neuroretinal 
isk and consequent 
excavation of the optic disk with correspond- 
ing loss of visual fick! (2, 3). OAG may be di- 
vided into primary open-angle glaucoma (POAG) 
and secondary glaucoma. POAG is without an 
identifiable cause of aqueous outflow resistance, 
Whereas in secondary glaucoma the outflow re- 
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sistance is of a known cause and in exfoliation 
glaucoma (XFG) it is considered to be due to the 
exfoliative material from which the syndrome 
derives its name, Exfoliation syndrome (XFS) is 
characterized by accumulation of abnormal mi- 
crofibrillar deposits that line the aqueous bathed 
surfaces of the anterior segment of the eye. The 
prevalence of XFS increases with age, and a 
number of studies have pointed to a geograph- 
ical clustering of XFS, although this condition 
is found worldwide: reported prevalence nates 
average about 10 to 20% of the general pop- 
ulation over age 60 (4). In the Reykjavik Eye 
Study (3), 40% of individuals 80 years and oder 
‘were found to have XFS. XFS is the most com- 
mon identifiable cause of secondary glaucoma 
in most populations. A recent study (5) found 
the 15-year risk of XFS conversion to XFG to 
be about 60%, which is similar to results of 
some previous studies. XFG is characterized 
by rapid progression, high resistance to med- 
ical therapy, and a worse prognosis than in 
POAG (6). 

Family history is an important risk factor for 
both POAG and XFS which, together with eth- 
nic differences in prevalence of POAG, points 
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to a role of genetic factors in the risk of suffering 
from these conditions (7). Three genes, MYOC 
(8), OPTN (9), and WDR36 (10), have been 
found to be mutated among POAG patients, How- 
‘ever, mutations in these genes are of moderate 
frequency and thus explain only a small fraction 
of the POAG cases (7), 

‘To identify sequence variants that confer risk 
of glaucoma, we conducted a genome-w 
sociation study on Ieclandie patients 
coma, using the Humina Hap300 chip, After 
quality filtering, 304,250 single-nucleotide poly 
morphisms (SNPs) were tested for association to 
glaucoma in a sample of 195 cases and 14,474 
population controls [see (//) for a description of 
study groups}. The results were adjusted for re- 
Jatedness between individuals and potential pop- 
ulation stratification by the method of genomic 
control (/2), Specifically, the 
tics were divided by an adjustment fuector of 
1.055 [see (/1) for quality-control and statistical 
analysis). 

Overall, three SNPs achieved genome-wide 
significance (P < 1.6 * 10°7, fig, S1) and are all 
located within a small region in strong linkage 
disequilibrium on chromosome 15q24.1 (fig. S2). 
The strongest association with glaucoma was 
observed with allele T of 152165241 (Table 
with an odds ratio (OR) of 2.28 (P= 2.0 » 10"), 
Also achieving genome-wide significance are 
allele C of 152304719 (OR = 2.07, P= 
10°) and allele A of 15893817 (OR = 1.85, P= 
1.4 = 1077), but they are both substantially cor- 
related with 52165241 and are no longer si 
nificant (P > 0,05) after adjusting for the eff 
of 152165241. 

The 195 glaucoma cases included 90 cases 
classified as POAG, 75 known XFG cases, and 
30 cases without a precise classification, Fur- 
ther analysis showed that the estimated e 
of 192165241 was weak and only marginally 
significant for POAG (OR 1.040), but 
very strong for XFG (OR 
(Table 1). To replicate the observed associa 
tion, we genotyped 152165241 in Swedish sam- 
ples including 200 POAG case 5 
and 198 controls. No association was seen with 
POAG (OR = 0.83, P = 0.18), but associati 
similar to that in the Icelandic samples was ob- 
served for XFG (OR = 3,78, P= 3.1 * 10°), 
‘Combining the results from the two sample sets 
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for XFG using a Mantel-Haenstel model (13) 
gave an OR of 3.62 (P= 1.0 » 107) (Table 1). 
To further explore the impact of the variant, 
we genotyped an additional 55 Icclandic XFS 
cases without glaucoma, Compared to the con 
ols, the OR is 3.18 (P= 1.9 » 10°), and the 
frequency of 152165241 T in XFS cases without 
glaucoma is similar to that in XFS cases with 
glaucoma (P > 0.5), These results indicate that 
the susceptibility variant tagged by 52165241 T 
is a major susceptibility variant for XFS and sup- 
port the notion that the variant confers risk of 
glaucoma mainly through XI 
SNP 152165241 is located in the first intron 
of the lysyl oxidase-like protein 1 (LOXL/) 
gene. To refine the observed association sig 
nal, we identified SNPs that are substantially 
correlated with 182165241 (7 > 0.2) on the basis 
of the HapMap CEPH Utah (CEU) data and 
are not part of the Iumina Hap300 chip 
(table S: ht of those SNPs, in addition to 
the three best SNPs from the genome-wide scan, 
‘were successfully genotyped in all the Icelandic 
and Swedish XFG cases, in all the Swedish 
controls, and in 647 of the Ieelandie controls. 
Also genotyped were two known nonsynon- 
ymous SNPs, 181048661 (Ang'!!—Leu, RISIL) 
and 153825942 (Gly'—Asp, G153D), both lo- 
cated in the first exon of LOXL. rs1048661 
vas identified through the dbSNP database and 
183825942 is a HapMap SNP. Both nonsynon- 
ymous SNPS showed strong association with 
XFG (combining Iceland and Sweden, OR = 
2.46, P= 2.3 « 10° forallele G of rs1048661, 


that, although 182165241 (P = 1.0 * 10°27) was 
‘more significant than rs1048661 and #3825942 


Table 1. Association between POAG, XFG, and XFS and 152165241, 
151048661, and 153825942. The association of the risk alleles of the SNP 
152165241, located in the fist intron of LOXLZ, and of the two nonsynonymous 
SNPS 151048661 (R141L) and 153825942 (G153D) with glaucoma in the 
Icelandic discovery case-control group, the Swedish replication case-control 
Group, and the two groups combined. Results are shown for all glaucoma cases 


individually, it was no longer significant (P = 
0.71) after adjusting for both nonsy 
SNPs simultaneously (tables $3 to $5); 
latter was also true for the other SNPs that we 
typed. Results from investigating the joint ef- 
fect of two nonsynonymous SNPs rs1048661 
and 153825942 are summarized in Fig. 1. The 
two SNPS are in substantial linkage 
rium (D’ = 1), and only three of the four possi- 
ble haplotypes were detected in our samples. 
Among the three observed haplotypes, (G, A) 
had the lowest estimated risk. Combining results 
from Iceland and Sweden, relative to (G, A), 
the (G, G) haplotype had an OR of 27.05 (P = 
4.0 < 107) and the (T, G) haplotype had an 
OR of 8.90 (P = 1.6 * 10°). Allele T of the 
intronic SNP 182165241 was strongly associated 
with XFG because it effectively tagged the 
0.9). On the 
basis ofa mukiplicative model for the risks of 
the two risk alleles, allele G of rs1048661 has a 
lative risk of 3.04 = 27.05/8.90 compared 10 
allele T, and allele G of 33825942 has a relative 
risk of 27.05 compared to allele A, Notably, the 
haplotype (T, A) that was not seen in our 
simples would be predicted to have an even 
lower risk than (G, A). The three observed 
haplotypes did not show deviation from Hardy- 
Weinberg equilibrium in either the cases or the 
controls, which is consistent with the model that 
the risks of the two haplotypes carried by an 
individual multiply. Under this model, the risk 
of individuals carrying two copies of the 
risk haplotype (G, G) would be about 700 times, 
the risk of those carrying two copies of (G, A) 
and about 2.47 times the population average 
risk. If the risk of the two higher-risk haplo- 
types, (G, G) and (T, G), could be reduced to 


that of (G, A), it would eliminate more than 
99% of the XFG cases. Hence, the population 
attributable risk of the two higher-risk haplo- 
types is more than 99%, Sequencing of the 
seven exons of LOXL/ did not identify further 
Variants associated with the disease (table $7). 
To determine if the nonsynonymous risk 
variants could affect the mRNA expression of 
LOXLI, we analyzed LOXLI expression in adi- 
pose tissue from 659 individuals with genotype 
data for rs1048661 and 153825942 [microarmy 
‘expression data (//)]. LOXL/ expression was 
reduced by an estimated 7.7% with each copy 
carried of the risk G allele of 81048661 (P = 
8.3 © 10°): this effect was significant for both 
sexes and did not change if the expression was 
adjusted for the weight of the individuals (Fig, 2), 
In contrast, weak positive correlation was ob- 
served between the risk G allele of 153825042 
and expression of LOXLI (P = 0,034), and this 
ceflect disappeared completely when the correla- 
tion was adjusted for the effect of 1048661 (P 
0.55), The result from the microarray expression 
data was confirmed with real-time polymerise 
chain reaction for a subset of S64 of the 659 
individuals (fig. 
‘The LOXLI gene is « member of the Iysyl 
‘oxidase family of proteins that catalyzes oxidative 
deamination of lysine residues of tropoclastin, 
which leads to their spontaneous cross-linking, 
ation of elastin polymer 
Elastogenesis also requires fibrillin- 
containing microfibrils that act as scaffolds that 
guide the emss-linking process and deposition 
of clastine (76). The lysyl oxidase family has 
five members, and these encode the prototypic 
LOX protein and LOX-like proteins LOXLI to 
LOXLA. All five LOX family members have a 


and for POAG cases, XG, and exfoliation without glaucoma separately. Study 
population includes the number of individuals (n) The results include the OR, 
95% confidence intervals (Cl), and P values assuming the multiplicative model. 
For the Icelandic case-control group, the P values and Cl were adjusted for 
relatedness as described in the methods (12), For the combined group, we 
calculated OR and P values using a Mantel-Haenszel model. 


? 52165241 T #5104861 (R141 G 153825942 (G153D) G 
‘Study population (n) 
Frq. OR (95% Cl) P Frq._OR (95% Cl) P Frq. OR (95% Cl) Pp 

Iceland 

Controls (14,474) 0.473, 0.651, 0.847 

Glaucoma combined (195) 0.672 2.28 (1.85-2.82) 2.0 x 10 0.777 1.87 (1.49-2.35) 7.4.x 10 0.936 2.66 (1.86-3.80) 7.9 x 10 

POAG (90) 0.550 1.36 (1.01-1.83) 0.04 0.711 132 (096-182) 0.085 0.872 1.25 (0.81-1.91) 0.32 

XFG (75) 0.753 3.40 (2.41-4.81) 4.3 x 107? 0.827 2.56 (1.74-3.77) 18x10 0.987 13.23 (5.59-31.29) 4.1% 10 

XFS no glaucoma (55) 0.740. 3.18 (2.12-4.76) 1.9 x 10 0.789 2.02 (1.32-3.09) 13% 10 0.982 10.10 (4.02-25.36) 8.5 x 107 
Sweden 

Controls (198) 0535, 0.682 0.879 

Glaucoma combined (399) 0.649 1.61 (1.26-2.05) 0.00016 0.737 131 (100-170) 0.048 0.929 1.79 (1.19-2.70) 0.0052 

POAG (200) 0.488 0.83 (0.63-1.09) 0.18 0.638 0.82 (0.61-110) 0.19 0.863 0.87 (0.57-131) 0.49 

XFG (199) 0.813 3.78 (2.77-5.14) 3.1 1077 0.834 2.39 (1.72-3.34) 27% 107 0.995 27.28 (11.44-65.07) 9.1 x 10" 
Combined 

Controls (14,672) 

Glaucoma combined (594) 1.96 (1.67-2.29) 1.3 x 10% 159 (135-189) 7.5 x 10% 2,20 (1.69-2.85) 3.4.x 10 

POAG (290) 1.04 (0.85-1.28) 0.67 1.02 (0.83-1.27) 0.83 1.04 (0.78-139) 0.81 

XFG (274) 3.62 (2.87-4.55) 1.0 x 1077 2.46 (191-316) 23 x10"? 20,10 (10.80-37.41) 3.0 x 107 
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similar exon structure consisting of seven exons, 
five of which (exons 2 to 6) exhibit strong ho- 
mology and encode the C-terminal catalytic do- 
main of these proteins, The sequence difference 
between the LOX genes resides mainly in exon 
1, which encodes pro-peptide that is, afier the 
attachment of LOXLI to the scaffolding struc- 
ture, cleaved off for catalytic activation of the 
enzyme, Several studies have demonstrated that 
the LOXLI pro-peptide binds to both topo- 
lastine and fibulin-5 and that these interactions 
are essential for directing the deposition of the 
enzyme onto elastic fibers (/4, 16). 

The pathology of XFS is characterized by 
chronic accumulation of abnormal fibrillar ma- 
terial in the anterior segment of the eye, leading 
to numerous clinical complications apart from 
secondary glaucoma development. From analy= 
sis of the XFS material, it has been proposed 
that XFS arises from abnormal aggregation of 
elastin microfibrillar components (elastic mitero- 
fibrillopathy) produced by various intraocular 
cell types (6, 17). Although a role for LOXL1 in 
the formation of the extracellular matrix. of the 
eye has not been documented, LOXLI expres- 
detected in ocular tissues such as lamina 

sa, lens epithelium, comea, ciliary mus- 
cle, and trabecular meshwork, all of which may 
be involved in extracellular matrix. formation 
(8-20) [data accessible at NCBI GEO database 
(JD), We demonstrate here the association of 
two coding SNPs, 11048661 and 1s3825942, 
with XFG that leads to an amino acid chang: 
position 141 (Arg—sLeu) and 153 (Gly—+Asp), 


N-terminal pro-peptide, Based on the functional 
role of the pro-peptide, these alterations could 
affect both the catalytic activity of the protein 
through modifications of pro-peptide cleav 
and the binding to substrates like tropoelastine 
and fibulin-S. In addition, we demonstrate that 
the risk allele of rs1048661 associates with lower 
expresion levels of the LOXLI mRNA in adi- 
pose tissue. This eflect could be mediated through 
its linkage disequilibrium to noncoding regula- 
tory clements or through its own effect on mRNA 
stability or processing, as previously documented 
for both synonymous and nonsynonymous cod- 
ing mutations in genes such as DRDI, MDRI, 
and OPRMI (21-23), Assuming a similar reg- 
ulatory network for LOXL! expression in adi- 
pose and ocular tissues, these data suggest that 
low levels of LOXLI expression could predis- 
pose to XFS, 

Ocular tissue was not available to us to study 
the effect of the risk alleles on the expression of 
LOXLI, and we considered it unlikely that we 
could obtain such tissue from a sufficiently lange 
‘number of individuals to do a meaningful study 
Our assumption was that it would be difficult 
predict what tissue would best reflect ocular tis= 
sue in this respect and that any tissue expressing. 
the gene in an easily detectable amount would 
serve our purpose as well as other such tissues. 
LOXLI is expressed at very low levels in the 
blood, and thus we were unable 10 determine 
Whether the risk variants affect its expression 
Hence, we analyzed RNA from adipose tissue 
because samples from several hundred individ 


respectively, both of which are located in the uals were available to us, In adipose tissue, the 
Fig. 1, Assocation of A Iceland B Sweden 

XFG with haplotypes 
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haplotype formed by the protective alleles, (T, A), 
control groups. 
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the 95% confidence intervals in parentheses. The 
is not observed in the Icelandic or the Swedish case- 
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expression of LOXLI is decreased by 7.7% per 
risk allele of rs1048661 (RI4IL), which is a 
small change and not necessarily biologically 
meaningful, although in a late-onset disease it 
could be relevant. Itis, however, notable that the 
risk allele of 193825942 (G1S3D), the variant 
that confers the greater risk, has no effect on 
LOXLI expression. 

In summary, we have shown in two inde 
pendent study groups that two nonsynonymous, 
changes in exon 1 of the LOXLI gene on chro- 
mosome 15q2+ confer risk to XFG, possi- 
bly through XFS. In Iceland and Sweden, the 
high-risk haplotype is very common with an 
average frequency of about 30% in the general 
population, About 25% of individuals in the 
general population are homozygous for the 
haplotype with the highest risk, and their ris 
of suffering from XFG is estimated to be about 
700 times that of individuals carrying only 
the low-risk haplotype, or about 2.47 times 
that of the population average. Jointly, the two 
nonsynonymous changes account for more 
than 99% of all XFG cases, The product of 
the LOXLI gene modifies elastin fibers that 
are @ major constituent of the intraocular le- 
sions in XFG, As to other forms of glaucoma, 
after removing the SNPs in the LOXLI region, 
the genome-scan Q-Q plots for POAG and glau- 


12 
Ru P< 0.000001 
8 
a if 
g 
g 
Bee 
or GT GG 
(85) (313) (261) 


Genotype for rs1048661 (R141L) 


Fig. 2. Correlation between genotypes of 151048661. 
(R141) and expression of LOXLI in adipose tis- 
sue. Expression of LOXLI measured in adipose tis- 
sue from 659 individuals by means of a microarray 
for the different genotypes of the nonsynonymous 
at-risk SNP 151048661 (1410). The expression of 
LOXL1 is shown as 10exp (average MLR), where MLR 
is the mean log expression ratio and the average is 
over individuals with a particular genotype. Re- 
‘gressing the MLR values on the number of copies of 
the attisk variant G that an individual carries, we 
find that the expression of LOXL1 is reduced by 
an estimated 7.7% with G allele carried (P = 
0.00000083). The effect of age and sex is taken 
into account by including an Age x Sex term 
‘among the explanatory variables in the regression. 
The error bars indicate the SEM. The correlation 
remains if the expression is adjusted for weight of 
the individual by including body-mass index as an 
explanatory variable (P = 0.000013). Similar 
results are obtained if the 275 males and the 384 
females are analyzed separately (P = 0.00029 and 
P = 0.00060, respectively). 
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coma overall cannot be distinguished fiom that 
resulting from random noise (fig. Sb), whi 
suggests that POAG may be a more complex. 
disease than XFG. 
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The Fusarium graminearum Genome 
Reveals a Link Between Localized 


Polymorphism and Pathogen Specialization 
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We sequenced and annotated the genome of the filamentous fungus Fusarium graminearum, a 
major pathogen of cultivated cereals. Very few repetitive sequences were detected, and the process 
of repeat-induced point mutation, in which duplicated sequences are subject to extensive mutation, 
may partially account for the reduced repeat content and apparent low number of paralogous 
(ancestrally duplicated) genes. A second strain of F. graminearum contained more than 10,000 
single-nucleotide polymorphisms, which were frequently located near telomeres and within other 


discrete chromosomal segments. Many highly polymorphic regions contained sets of genes 
implicated in plant-fungus interactions and were unusually divergent, with higher rates of 
recombination. These regions of genome innovation may result from selection due to interactions 


of F. graminearum with its plant hosts. 


genus of plant pathogenic 


F ies disenes that afet most 
species of cultivated plants, including 
root and stem rots, blights, and wilts (/). F 
graminearum, which causes Fusarium head 
blight (FHB) disease on wheat and barley, is a 
leading cause of economic loss in these crops 
(2). In addition to reducing seed mass and qual 
ity, the fungus contaminates grain with toxic 
metabolites that are a threat to human health 
(3). Fusarium species also can directly infect 
humans, causing localized necrotic diseases (4) 
and invasive infection, especially in immuno- 
compromised individuals (5). 

The F graminearum genome was whole 
genome shotgun sequenced by paired-end se 
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quencing of plasmid, Fosmid, and bacterial 
artificial chromosome (BAC) clones. The result- 
ing assembly totals 36.1 Mb and displays high 
sequence quality and continuity. Nearly all 
(99.8%) of the assembly was anchored to the four 
chromosomes by genetically mapping markers 
derived from the genome sequence (6), and an 
initial set of 11,640 genes was predicted (table SI 
and SOM text). Functional categories for the 
predicted genes were inferred by the presence of 
conserved InterPro domains (7) and were com- 
pared with those found in genomes of the related 
fungi, Neurospora crassa, Magnaporthe grisea 
and Aspergillus nidulans. The F graminearum 
genome has greater numbers of genes for several 
protein categories, including predicted transcrip- 


tion factors, hydrolytic enzymes, and transmem= 
brane transporters (Fig. | and table $2), 

The F graminearum genome has few high- 
identity duplicated sequences, fewer by at 
least a factor of 15 than other related fungi, 
including Saccharomyces cerevisiae (table $3 
and SOM text), Only a few gene pairs orig- 
inated from recent duplications (fig. SI and 
table S4), and we identified only two small 
families of transposons (table SS and SOM 
text, F graminearum differs from other fil 
mentous fungi because it is homothallic (self 
fertile) and rarely out-crosses, which limits the 
‘opportunity to acquire new repeats (2), In some 
ascomyectous fungi, including F° graminearum, 
the lack of repetitive sequence is due to a 
genome-wide defense system known as 1 
induced point mutation (RIP) (8). RIP identi- 
fies duplicated sequences (9) and introduces 
C:G to T:A transition mutations in both copies 
during the sexual cycle; this mutational bias 
was observed in  graminearum transposons 
(tables $6 and $7 and SOM text) 
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To experimentally confirm the activity of 
RIP, we examined the stability of transgenically 
introduced repeats of a hygromycin phospho- 
transferase (ph) gene during sexual and asexual 
development. Although cultures derived from 
asexual spores maintained drug resistance, 42% 
of cultures derived from ascospores, which are 
formed during the sexual cycle, were sensitive 
to hygromycin (table $8), and 99% of mutations 


found in the ph gene were C to T point mu- 
jons, most at CpA sites (tables $9 and $10), 
indicating that repetitive sequences are frequently 
mutated by a RIP-like process during meiosis. 
Ascospores are important for FHB infection (2) 
and, being homothallic, F. graminearum may 
undergo meiosis and produce ascospores. with 
greater frequency because it is unconstrained 
by the necessity for finding a compatible mate, 
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Fig. 1. Functional classification of F. graminearum proteins and comparison to other fungi. Displayed 
Interpro gene categories were found to have at least 50% greater gene abundance in F. graminearum 
than in N. crassa, Representative gene numbers for M. grisea and A. nidulans are also shown. Each circle 
displays the relative fraction of genes represented in each of the categories for each genome. For a full 
list of Interpro categories, see mips.gst.deigenre/projfusariumSearch/Catalogs/searchiprComp. html. 
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An increased opportunity for meiosis may 
pact the genome by increasing the frequen: 
RIP, allowing it to play a more central role, 

We compared the assembly of strain PH-1 
with ~0.4-fold coverage of whole-genome shotgun 
sequence from a second strain of F graminearum, 
GZ3639. We identified 10,495 single-nucleotide 
polymorphisms (SNPs) between the two strains 
and mapped SNP positions along each chromo- 
some, Because the GZ3639 data does not cover 
every base in the genome, SNP densities were 
normalized to the number of hi 
alignments (7). For th 
SNP densities ranged from 0 to 17,5 
kb. We found that the distribution of SD 
biased, because 25% of SNPs are found with- 
in 5% of the genome seque nd 50% of 
SNPs are within 13% of the genome sequen 
Regions exhibiting hi 
tered along each chromosome (Fi 
ular, all telomere proximal regions displayed very 
high densities of SNPs and contained the vast 
majority of the highest SNP density windows, 
In addition to chromosome ends, three chromo- 
somes were found to have one or two lange in= 
terstitial regions of density, Whereas 
telomeres are well established in many species 
as sites of sequence variation and rearrangement 
(0-12), the presence of discrete interstitial re~ 
gions of high diversity in addition 10 the sub- 
telomeres is striking, One simple explanation 
is that these sites may reflect ancestral telo- 
mere locations resulting from an ancestral chro- 
mosome fusion. Although  graminearum has 
four chromosomes, related fungi with similar 
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Fig. 2. Correlation of high SNP regions with recombination and gene 
sets. The four F. graminearum chromosomes are shown proportional to 
size, Panels (A) to (D) represent chromosomes 1 to 4, respectively. (|) 
Distribution of SNPs (red lines) and recombination rate (blue dashed 
lines) for 50 kb non-overlapping windows across each chromosome (x 
axis). SNPS are plotted on the left y axis as the number of SNPs per kb of 
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high-quality aligned bases (7). Recombination rate [cMW27 kb (6)] is 
plotted on the right y axis. (Il to V) Gene counts for the following gene 
sets (7) are shown with relative density shading for tiled 100-kb windows: 
(i) Genes found in F. graminearum but absent from four related 
Fusarium species. (I) Secreted proteins. (IV) Genes expressed specifically 
in planta. (V) Proteins involved in translation. 
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genome size, including F verticillioides, F 
axysporum, and F solani, have many more, 
ranging from 9 to >17. All closely related 
species in the F graminearum species complex, 
as well as FE culmorum, also have four chro- 
mosomes, which indicates that if chromosome 
fusion occurred, it was not a recent event. 
‘The regions of highest SNP density were 
nificantly correlated with the regions of highest 
recombination (0.55, P= 1.2 * 10°), similar to 
correlations of SNP distribution or nucleotide 
diversity with recombination frequency observed 
in humans and Drosophila (13, 14). Additionally, 
regions of high SNP density have significantly 
lower GC content than the rest of the genome 
(0.43, P= 1.1 10°), The low G-C content 
of internal regions further supports the idea that 
these regions may represent ancestral telomeres. 
‘To determine whether high diversity SNP 
regions evolved recently, we examined the se- 
quence divergence of genes in these regions. We 
compared F graminearum coding regions to 
those resulting ftom a low coverage (4X) as 
sembly of F verticillioides (7), Comparing the 
best matches for F graminearum proteins from 
high and low SNP density regions (top and bot- 
tom quartiles) to the F verticillioides assembly 
revealed that proteins from the highest SNP 
density regions have fewer putative ohologs 
compared with the rest of the genome and that 
these orthologs share lower identity (7), Although 
variation in the local mutation rate is expected 
to produce a correlation between polymor- 
phism and divergence, more polymorphisms 
were found in high SNP regions than predicted 
oon the basis of divergence (lable $13), and the 
ratio of synonymous to nonsynonymous poly- 
momhisms is higher than that of less diverse 
regions (z7 value = 3.7 *10°7) (table S14). 
Blast analysis (7) identified 704 genes as 
specific to F graminearum, and these show 
significant enrichment in the high-density 
ions (P= 4.5 * 10"). We also com- 
raminearum with the closely re- 
lated F asiaticum, F. booth, F. culmorum, and 
F. pseudograminearum using genomic DNA 
hybridizations 10 a FE graminearum micro- 
array (/5) and identified 382 genes that are 
E. graminearum specific. These genes were 
overrepresented (by a factor of 2.7) in the high- 
density SNP regions (P = 3.4 = 10™), These 
data further demonstrate that genomic regions 
exhibiting the highest intraspecific variability 
also exhibit the highest interspecific variability. 
E graminearum genes specifically expresse 
during plant infection—including predicted se 
creted proteins, major facilitator transporters, ami- 
no acid transporters, and cytochrome P450s 
ane all overrepresented in high SNP density 
regions (Fig. 2, table S14, and SOM text). Con- 
versely, genes predicted to be highly conserved, 
such as nuclear encoded mitochondrial genes 
or genes involved in translation, are underrep- 
resented in regions of high diversity (table $15 
and SOM text). 
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Comparison of gene expression of 
graminearum infection on barley and under 
varied nutritional culture conditions (7, 5) iden- 
fied 408 genes as exclusively expressed dur- 
ing barley infection. These genes are highly 
enriched in the high-SNP-density regions (P = 
74 = 10°), and 31% are predicted to be se- 
cereted, representing enrichment by a factor of 
3 over the genome as a whole (table S14 and 
SOM text). Four of these genes have sim- 
ilarity to known virulence factors, and another 
32 genes are predicted plant cell-wall degrading 
enzymes (table $16). Among these enzymes are 
xylanases, which degrade xylan, the major hemi- 
cellulose portion of monocot cell walls, pectate 
Iyases, which cleave pectin, another essential com- 
ponent of plant cell walls and cutinases, enzymes 
that hydrolyze cutin polyesters that coat all outer 
plant surfaces. Such enzymes may function in 
the penetration and maceration of plant tissues 
and for the acquisition of nutrients from plant 
polymers (/6) and may be involved as effector 
‘molecules that trigzer host-plant defense responses 
(17), The high genetic diversity of this group of 
genes suggests that the fungus has a great capacity 
for adaptability and genetic change during its in- 
teraction with even this single host species. 

The completed genome of F. graminearum 
allowed us to identify distinct regions of high 
diversity. We found that these regions are en- 
riched for infection-related genes, which may 
allow the fungus to adapt rapidly to changing 
environments or hosts. Recognition of these 
high-diversity areas of the genome focuses the 
direction of future work towand those regions 
that may have the greatest potential in elucidat- 
ing the dynamics of host pathogen interactions. 
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The Perception of Rational, 
Goal-Directed Action in 
Nonhuman Primates 


Justin N. Wood,** David D. Glynn,” Brenda C. Phillips,* Marc D. Hauser??? 


Humans are capable of making inferences about other individuals’ intentions and goals by 
evaluating their actions in relation to the constraints imposed by the environment. This capacity 
enables humans to go beyond the surface appearance of behavior to draw inferences about an 
individual's mental states. Presently unclear is whether this capacity is uniquely human or is shared 
with other animals. We show that cotton-top tamarins, rhesus macaques, and chimpanzees all make 


spontaneou 


ferences about a human experimenter’s goal by attending to the environmental 


constraints that guide rational action. These findings rule out simple associative accounts of action 
perception and show that our capacity to infer rational, goal-directed action likely arose at least 
as far back as the New World monkeys, some 40 million years ago. 


central characteristic of human action 
perception is the capacity to read beneath 
the surface appearance of behavior. 
‘When someone acts, we make inferences about 


their goals and intentions by referencing each 
action against a backdrop of environmental 
this capacity appears 
f life. For instance, Gergely 
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and colleagues (1) showed that when 14-month- 
old infants watched an experimenter use her head 
to illuminate a box, infants imitated this precise 
action only if the experimenter’s hands were 
to move and could have been used to illuminate 
the box: if the experimenter’s hands were oc- 
cupied, and could not be used, then the infants 
used their hands, Infants most likely inferred that 
since the experimenter could have used her hands, 
but used her head instead, the head must confer 
some advantage for illuminating the box. These 
results, and others (2, 3), suggest that human 
infants assess whether an agent’s actions are 
rational by evaluating how the intervening envi- 
ronmental circumstances constrain the achieve- 
‘ment of target goal; as such, they infer properties 
of mental life that are not transparent from the 
surface appearance of behavior, Presently unclear, 
however, is whether this, the product 
of hum 


evolution or 


Behavioral and neurophysiologis 
show that nonhuman primates attend to subtle 
details of the surface properties of actions, 
including differences. in the gestu 
achieve a goal (4-6). Further, there 
evidence that animals go beyond the mere co 
sequences of actions, distinguishing intentional 
fiom accidental consequences (6-7). For exam- 
ple, captive chimpanzees show more heightened 
signs of frustration when an experimenter ap- 
pears to tease intentionally by offering and then 
taking away food as opposed to offering and 
then clumsily dropping food—two events with 
same consequences, that is, the failure to 
obtain food (6), In addition, cotton-top tamarins 
dare more likely to cooperate with a partner who 
gives food altruistically than with a partner who 
gives food as an accidental by-product of 
otherwise selfish behavior (7), Moreover, Hare 
and Tomasello (5) found that chimpanzees ean 
use information about an agent’s apparent in- 
tentions to find hidden food: in other contexts, 
howe have considerable diffi- 
tional cues by humans 
(8-11), Thus, these results leave three questions 
swered: (i) To what extent can animals 
spontaneously use information about an agent's 
Apparent intentions to. make inferences about 
their goals? (i) Are their inferences based solely 
on the surface appearance of behavior, as 
opposed to information about whether actions 
are rational with regard to current environmental 
const What is the phylogenetic dis- 
tribution of these capacities, especially among, 
our closest living relatives, the monkeys and 


apes? 
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To begin addressing these questions, we 
adopted a broad comparative perspective, con- 
ducting experiments on three nonhuman primate 
species (cotton-top tamarins, rhesus macaques, 
and chimpanzees), representing the three major 
groups (New World monkeys, Old World mon- 
ys, and apes). We tested all three species in 
largely the same way, but due to housing con- 
ditions and sample sizes, there were some dif 
ferences (/2). 

In experiment 1, we asked whether members 
of these species perceive actions as intentional 
and accidental, and critically, use this information 
‘when making inferences about the apparent goal 
of a human agent, We used a forced-choice 
method designed to measure subjects” spontane 
‘ous foraging behavior in response to 
performed by a human experimenter. Dur 
cach trial, an experimenter presented subjects 
With two potential food containers, performed an 
aetion on one, and then allowed the subject 10 
select one of the containers. In the intentional 
condition, the experimenter reached directly for 
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and grasped the container. In the accidental 
condition, the experimenter flopped his hand 
‘onto the container with palm facing upwards in a 
manner that appeared, from a human perspective, 
accidental and non-goal-directed (/3). If non- 
human primates fail to distinguish between in- 
tentional and accidental actions when making 
inferences about others’ goals, attending to the 
mere association of the hand and container, then 
they should show the same pattern of search- 
ing in both conditions—that is, approach the 


experimenter-contacted container. However, if 


they distinguish between intentional and acciden- 
tal actions, then they should selectively inspect 
the container targeted by the experimemter’s in- 
tentional action but not that targeted by acciden- 
tal action. 

Based on the statistical methodology used in 
‘our other studies of rhesus behavior, we elected 
to use one-tailed tests in this work, too, All three 
species inspected the intentionally targeted con 
tainer a greater proportion of time than the ac~ 
cidentally targeted container: tamarins [F(1,9) 
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Fig. 1. Performance for choosing the container targeted by the intentional (dark gray) versus 
accidental (light gray) actions by tamarins, rhesus, and chimpanzees. The tamarin data illustrate the 
‘mean percentage of trials (+SEM). See fig. $1 for the mean percentage of trials as measured by both 
looking and grasping behaviors. The rhesus and chimpanzee data illustrate the percentage of subjects 
choosing the container targeted by each action type. The dashed line indicates chance performance. 
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3.57, P = 0.05]: rhesus [7(1.) 
0,02; chimpanzees (Wileoxon signed ranks test: 
= = 2.02, P = 0.02). All species selectively 
inspected the targeted container after observing 
the intentional action (Fig. 1): tamarins (9) = 
4.45, P = 0.001}; rhesus (17 out of 20 subjects; 
binomial probability: P = 0.001); chimpanzees 
(20 out of 25 subjects; binomial probability: P 
0,002), In contrast, none of the species selectively 
inspected the targeted container after the acciden- 
tal action: tamarins [(9) = 0.70, rhesus 
(11 out of 20 subjects; binomial probability 
O41); chimpanzees (12 out of 25 subjects; 
binomial probability: P = 0.50). Thus, tamarins, 
rhesus monkeys, and chimpanzees spontaneously 
distinguish between intentional and accidental 
actions and use this information to make infer- 
ences about others’ goals. These results pro 
further support for studies of chimpanzees (5, 6) 
and extend the pattern to tamarins and rhesus. In 
addition, they suggest that these three species go 
beyond the mere association of contact or the 
attention drawn to one container to correctly infer 
the agent’ target goal 

How do these species distinguish between 
intentional and accidental actions: Do they do so 
solely on the basis of the surface appearance of 
behavior, of, like humans, do they interpret 
actions in relation to the broader environment in 
which they occur? That is, did the subjects tested 
in experiment 1 judge the hand grasp as goal- 
directed and the hand flop as accidental because 
grasping and flopping actions are automat 
interpreted as intentional and accidental, resp 
tively? Altematively, did they evaluate the hand 
flop as accidental because, in this particular 
situation, the experimenter could have used the 
more rational grasping action? 

In experiment 2, we asked whether these 
three species integrate information about the 
surface properties of an action with the en- 
vironmental constraints facing the agent in onder 
to make inferences about rational, goal-directed 
action, We presented subjects with an experi- 
menter performing very similar actions under 
‘wo contrasting environmental circumstances, In 
the first condition, the experimenter touched one 
of the containers with his elbow while the asso- 
ciated hand was occupied (“hand-occupied”); in 
the second contrasting condition, the experi 
menter performed the same elbow touch action 
while the associated hand was free (*hand- 
empty"), One-half of both the chimpanzee and 
rhesus subjects observed the experimenter per 
form the hand-occupied elbow touch while 
holding an object in his acting hand only; the 
other hand was placed behind his back. The other 
half of the subjects observed the experimenter 
perform the action while holding an object in 
both hands. If nonhuman primates evaluate ac 
tions merely on the basis of surface appearance 
(eg, the association between the elbow and the 
container), then they should show the same 
pattem of searching in both the hand-oecupied 
and hand-empty conditions because the surface 
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properties of the actions are very similar, in- 
cluding, especially, the structure of the final point 
of contact. However, if these species take into 
account the environmental constraints facing the 
experimenter, then only the hand-occupied con- 
jon should be perceived as a rational, goal- 
directed action; given that the experimenter’s 
acting hand was occupied at the moment of 
gesturing, his elbow provides an alternative 
‘means to both indicate and contact the target goal 
Accordingly, the hand-empty condition would 
not be perecived as a rational, goal-directed ac- 
tion because at the time, the experimenter could 
have used his unoccupied acting hand to grasp 
and indicate the target container (as in the inten- 
tional condition of experiment 1), leaving the 
subject uncertain as to the target goal. Therefore, 
subjects should not infer that the experimenter's 
goal was to contact the box with the potentially 
concealed food. 

We note that our target species do not 
naturally use their elbows to indicate or draw 
attention to objects or events in their envi- 
ronment, and nor have they been trained to either 
use their elbows in an indicative manner, or 
respond to this action. This condition therefore 
also explores their capacity to use an indicative, 
but unfamiliar gesture, to make inferences about 
goal-directed action under specific environ- 
‘mental constraints. 

All species inspected the targeted container 
4 greater proportion of the time after observing 
the hand-occupied versus the hand-empty a 
tion: tamarins [FU,24) = 2.60, P= 0.06); thes 
(2U.N = 64) = 10.47, P< 0.001}; chimpanzees 
(Wilcoxon signed ranks test: = ~1.87, P= 0.03). 
Al species scleetively inspected the tangeted 


container in the hand-occupied condi 
2 


) tamarins [49) = 4.31, P= 0.001}; rhesus (28 
‘out of 32 subjects; binomial probability: P< 
0,001); chimpanzees (19 out of 25 subjects; 
binomial probability: P = 0.007). In contrast, 
none of the speci vely inspected the 
targeted container in the hand-empty condition: 
129, P= 0.39]; rhesus (16 out 
‘of 32 subjects; binomial probability 7); 
chimpanzees (11 out of 25 subjects; binomial 
probability: P = 0.35). Thus, subjects used the 
elbow action as a cue to find hidden food only 
when the experimenter’s acting hand was oceu- 
pied, and thus unavailable for gesture and ac~ 
tion. One possibility is that in the hand-empty 
condition, subjects attended primarily to the ex- 
perimenter’s hand in expectation of rational, goal 
directed action; when this did not occur, the 
elbow cue could have gone unnoticed or been 
dismissed as irational and accidental, In contrast, 
when the experimenter’s hands were occupied, 
subjects may have been particularly attentive to 
‘other body parts because they became viable 
alternatives for rational, goal-directed action, 
These results [along with other evidence recently 
presented (/4, /5)] suggest that all these primate 
species—and possibly other animals as well—go 
beyond the surface appearance of behavior as 
well as their own experiences acting on or 
indicating objects when making inferences about 
others’ goals. Like humans, they evaluate others" 
actions with respect to environmental constraints 
imposed on the agent. 

Iti interesting that these species perceived 
the hand-oecupied elbow touch as goal-directed 
given that it is impossible to pick up an object 
\ith one’s elbow. The most likely explanation for 
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Fig. 2. Performance for choosing the container targeted by the hand-occupied (dark gray) versus hand- 
empty (light gray) elbow actions by tamarins, rhesus, and chimpanzees. The tamarin data illustrate the 
‘mean percentage of trials (SEM). See fig. S1 for the mean percentage of trials as measured by both 
looking and grasping behaviors. The rhesus and chimpanzee data illustrate the percentage of subjects 
choosing the container targeted by each action type. The dashed line indicates chance performance. 
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pattem is that subjects inferred that the «: 
perimenter’s goal was to contact or indicate the 
presence of food, rather than to grasp the food. 

Given enough time and leisure, human adults 
are free to consider almost any action as ir- 
rational, For instance, the subjects in our study, 
and the human infants in previous studies (/), 
perveived uncharacteristic elbow and head ac- 
tions as rational and goal-directed provided that 
the experimenter’s hands were occupied: this 
response obtained even though the experimenter 
could have dropped the object and then per 
formed the more efficient hand action, Similarly, 
our subjects showed the same pattern of search- 
ing regardless of whether the hand-occupied 
elbow touch was performed with both hands 
occupied or with one hand behind the back; the 
latter condition is of interest because the exper- 
imenter could have performed the grasping 
action with the hand that was behind his back. 
We suggest that at the initial stage of action 
analysis, rational actions are defined in terms of 
current and immediate constraints on the agent. 
‘Thus, at the moment the experimenter indicates 
the target object with his elbow while one hand 
is occupied and the other rests behind his back, 
the subject's initial interpretation is that both of 
the experimenter’s hands are unavailable, This 
amendment to curent theoretical models of ac- 
tion perception makes sense of both human (/) 
and nonhuman animal results. 

‘The present results appear to contrast with 
previous studies indicating that chimpanzees have 
difficulty using human pointing, looking, or many 
other communicative gestures to find a hidden 
reward, In particular, in an object choice task, in 
which an experimenter conceals a pivee of food 
in one of two or more hiding locations, several 
studies reveal that captive chimpanzees (8-11), as 
‘well as other primates (/6, 17), generally fail to use 
4 human agent’s pointing gesture and direction of 
eye gaze to comeetly infer the location of hidden 
food. We cannot precisely pinpoint the exact nature 
of the differences between these studies and the 
present one, However, support for the chimpanzee 
resulls is aided by the converging evidence from 
tamarins and rhesus based on similar methods. 

ur results support three primary conclusions 
that bear on the origins and nature of action per- 
ception, restricted to these three primate species, 
but potentially generalizable to other closely and 
distantly related species. First, the species tested 
are highly sensitive to the surface properties of 
observed actions, All three species selectively in- 
spected a potential food source targeted by the 
experimenter’s action after observing the hand 
grasp action, but not afier observing the hand flop 
action. A low-level explanation in terms of atten 
tion via eye gaze, body position, or ether social 
cues cannot explain these results given that in both 
experiments, contact with the target container and 
the experimenter’s visual attention were held 
constant, but subjects’ pattems of search differed, 

Second, results show that tamarins, rhesus, 
and chimpanzees distinguish between goal- 
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directed and accidental behavior based on the 
relation between actions and environmental con- 
straints, This finding has notable implications for 
cognitive and neurobiological models of action 
understanding. Physiological studies of macaque 
mirror neurons in area F5 of the premotor cortex 
indicate that these cells activate both when the 
subject acts and when this same subject observes, 
another acting in the same way (4). On the basis of 
these activation pattems, theorists have suggested 
that the minror neuron system plays a critical role 
action perception, where onganisms interpret 
the actions of others by appealing to their own 
actions (4, 18). Current neurobiological models of 
the mirror neuron system often state that action 
understanding consists of mapping the surface 
properties of observed actions onto the observer's, 
motor system, Our results show, however, that 
action perception cannot be based solely on a 
‘mechanism that analyzes the surface properties of 
actions, In experiment 2, subjects distinguished 
between hand-occupied and hand-empty elbow 
touches, even though these actions have similar 
surface propertics and are not within the repertoire 
of actions performed by these species. Thus, 
action perception must also consist of a mecha 
nism that evaluates action means in relation to 
goals, and places this analysis into a broader 
context that entails constraints imposed by the 
current environmental situation. As a result, some 
system must supplement the mirror neuron 
circuitry to provide a filler account of action 
peteeption in primates, 

Third, the psychological mechanisms under- 
lying the socio-cognitive abilities of animals have 
been widely debated, offen acting as a proxy for 
larger debates between supporters of associative 
as opposed to more mentalistic accounts of 
animal leaming and behavior, Associative mod- 
ls classically explain behavior as a result of direct 
reinforcement history—for example, the capacity 
to understand actions as goal-directed may be the 
product of leaming, acquired by forming associ- 
ations between observed actions and the objects 
that they target. Such models cannot explain the 
present findings without modification. In experi- 
‘ment 2, all three species perceived an elbow touch 
a8 goal-directed, despite presumably having little 
or no experience witnessing other agents manip- 
ulate objects with their elbow when their hands 
‘were occupied, and certainly no experience with 
other conspecifics indicating objects with their 
elbows: consequently, there wasn opportunity to 
form an association between this action and 
objectdirected outcomes. Thus, we suggest that 
‘nonhuman primates” ability to perceive actions as 
goal-directed extends beyond these associative 
mechanisms, drawing upon inferences about an 
agent’s goals in the context of particular envi- 
ronmental constraints. 

In sum, our results show that both closely 
and distantly related primate species distinguish 
between goal-directed and accidental actions 
‘when making inferences about another individu- 
al’s apparent goals. Furthermore, they do so by 
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‘evaluating the rationality of the action in relation 
to the constraints of the situation, The fact that 
these results hold across three different primate 
species, and that the methods entail spontancous, 
nontrained responses, adds substantially to the 
robustness of our findings and their implications 
for thinking about the evolution of 
ception. We conclude that our capacity to perceive 
rational, goal-directed actions is not uniquely hu- 
man, having evolved at least as far back as the 
New World monkeys, some 40 million years ago. 
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Small Molecule X-Ray Crystallography 


The Apex Duo single crystal diffractometer features instantaneous and automated x-ray 
wavelength change. The Apex Duo combines a molybdenum sealed tube and a high- 
intensity, air-cooled copper microfocus tube with the most sensitive charge-coupled 
device detector available. This unique combination of a microfocus source with a standard 
sealed tube allows operation of both x-ray sources without any changeover, with typically 
‘one source in operation and the other in standby. This novel approach allows instanta~ 
neous, unattended switching of wavelengths without any of the source cold starts of first- 
‘generation dual-wavelength systems, which can lead to reduced tube lifetimes. In addi- 
tion, the advanced copper microfocus source delivers up to twice the intensity of standard 
copper sealed tubes, allowing faster experiments and better data quality. The system's 
software allows the user to set up combined experiments for successive data collections 
using both copper and molybdenum wavelengths in a single experiment. 

Bruker AXS For information 978-663-3660 wwn.bruker-biosciences.com 


Endotoxin Detection 

The PyroSense system provides automatic, quan: 
titative determination of endotoxin in water at 
user-selected intervals, using a standard assay 
system with the patented, endotoxin-specific 
PyroGene recombinant Factor C assay. The sys 
tem is designed to test around the clock, seven 
days a week, according to user demand. It can 
operate in production environments with mini: 
mal supervision. All the reagents and accessories 
are provided in a disposable cartridge that can 
be quickly changed by nontechnical personne, 
Lonza For information +41 61 3168798 
wwew.lonza,com 


miRNA Profiling by Real-Time PCR 
The miScript System allows quantification of 
multiple microRNAs (miRNAs) from a single 
complementary DNA (cDNA) synthesis reaction, 
reducing variability and saving precious sam: 
ples. Both miRNA and messenger RNA (mRNA) 
can be quantified from the same cDNA synthesis 
reaction, enabling simultaneous detection of ref- 
erence genes or other mRNAs of interest, such as 
the mRNA targeted by an miRNA. The miScript 
System is highly specific, overcoming the chal- 
lenges presented by the existence of multiple 
miRNA isoforms. In addition, high sensitivity 
provides a dynamic range several orders of mag- 
nitude greater than microarrays, ensuring com- 
prehensive and accurate miRNA profiles. 
Qiagen For information 800-426-8157 


_wew.giagen.com/miRNA 


Division Arrested Cell Lines 

The first suite of 60 division arrested cell lines for 
conveniently and cost-effectively screening a broad 
range of therapeutic targets is available. Generated 
through a proprietary treatment of dividing cells, 
division arrested cells do not require lengthy and 
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laborious cell culture procedures to prepare live 
cells for screening assays. Division arested cells can 
be plated and assayed within 24 hours of thawing, 
and cell numbers increase only marginally after 
plating, thereby removing the variability caused by 
el division during the course of an assay and pro- 
viding more constant results. Division arrested cells 
show agonist-induced responses virtually indistin 
uishable from those of dividing cells, and exhibit 
‘no toxicity or apparent changes in signal transduc 
tion, ensuring researchers obtain the correct phar 
macological profile 

Invitrogen For information 800-955-6288 
vninvitrogen.cométivsionarrest 


Culture System 

The GIBCO AlgiMatrix three-dimensional (3D) cul- 
ture system is an animal-origin free bioscaffold 
designed to closely mimic the conditions of a cell 
in the human body. AlgiMatrix provides superior 
cell loading, nutrient delivery, and potential for 
cell-to-cell interaction. The 3D scaffolding is 
designed to better mirror the environment experi- 
enced by normal cells in the body, and enables 
intercellular interaction with more realistic biol- 
ogy and functional relevance. It is suitable for 
many cell-based screening, drug discovery and 
human cell therapy procedures. Unlike animal- 
derived 3D matrices, AlgiMatrx is a macroporous 
alginate sponge structure that delivers consistent 
results to support the growth of diverse cell types. 
Invitrogen For information 800-955-6288, 


sminvitrogen.com 


Engineered Stem Cell Line 

Anew engineered stem cell line allows scientists to 
monitor the pluripotency of human embryonic 
stem cells without sacrificing those cells. A pluripo- 
tentstem cell is one that has the ability to differen- 
tiate into cells of all the three major lineages— 


endoderm, mesoderm, and ectoderm. This new 
£8G01v/h0G line was obtained by engineering the 
BGO1v human embryonic stem cell line with the 
Oct-4 promoter (a known pluripotency marker) 
coupled with a green fluorescent protein reporter, 
The engineered line glows green when the cells are 
ina pluripotent state, but the cells lose their fluo: 
rescence as they start to differentiate. This allows 
scientists to track pluripotency without having to 
sacrifice the cells as they currently have to do by 
~analyzing gene or protein expression. 
Invitrogen For information 800-955-6288 

‘ww invitrogen.com 


Genome Analyzer 

By making use of a massively parallel sequencing 
approach, the illumina Genome Analyzer can gen- 
erate more than 1 billion bases of data in a single 
run. The system leverages Solexa sequencing tech 
nology and novel reversible terminator chemistry, 
optimized to achieve new levels of cost effective 
ness and throughput. The instrument delivers 
accurate, high-confidence data, even in 
homopolymeric regions. Its straightforward proto 
cols require no beads and no emulsion, and allow 
walkaway operation for up to 72 hours, The system 
can be used for a broad range of applications, 
from DNA sequencing to digital expression profil: 
ing and small RNA discovery. It operates at less 
than 1% of the cost of capillary-based methods, 
Mlumina For information 312-997-2436 
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ANGIOTENSIN 
Collular Mechanisms To Clinical Outcomes 
Fob 24-29, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Kathy K. Griondiing 

Vice Chair: Walter G. Thomas 


+ RAS and Hypertension: New insights 
(Rhian Touyz/ Emesto Schifrin | 
José E. Krieger / Philip Shaul) 

+ ACE2: The New Kid on the Block 
(Anthony J. Turner Eric Lazartigues / 
Josef M. Penninger / Tom Cottman) 

+ RAS Recoptors. 

(Kevin Catt | Siew Yeon Chai / Julia Cook / 
‘Masatsugu Horiuchi / Nancy Noble) 

+ Angiotensin and Diabet 
Clinical implications 
(Mark Cooper / Karin Jandeleit-Dahm / 
James Sowers / Arya M. Sharma) 

+ Angiotensin and Diabetes: 

Basic Mechanisms 
(James Sowers / Po Sing Leung / 
Rama Natarajan) 

+ Molecular Foundations of the RAS 
(Bob Speth / Laszib Hunyady / Jun Sadoshima) 

+ The RAS and Angiogenesis: Link to Cancer? 
(Pierre Corvol / Andrew Greene / 

JR. Puddefoat / Francois Vincent) 

+ Diverse Roles of the RAS in Disease 
(Brad Berk / David Harrison / Ronni Cohn / 

Jan Danser) 


+ Basic Mechanisms of inflammatory Disease 
(Alan Daugherty / Alan Brasior / Peter Ootigen) 


‘AUTOPHAGY IN STRESS, 
DEVELOPMENT AND DISEASE 
Jan 6-11, 2008 

Ventura Beach Marriott 

Ventura, CA 

Chair: Ana Maria Cuervo 

Vice Chair: Noboru Mizushima 


+ Autophagy: Two Years Later. 
(Daniel Klionsky / Beth Lovine (Keynote) / 
James Fred Dice (Keynote)) 

+ Molecular Dissection of Macroautophagy 
(Yoshinori Ohsumi / Zvulun Elazar/ 

Tamotsu Yoshimori/ Sharon Tooze / 
Eeva-Lisa Eskolinen) 

+ Macroautophagy: From Components to 
Regulation and Back 
(Michael Thumm / Maria Isabel Colombo / 
Tomas Neufeld) 

+ Macroautophagy and Organelle Degradation 
(Rod Devenish / Victor Shengkan Jin / 

Suresh Subramani) 

+ Specialized Autophagy 
(Idan van der Kei / Wiliam Dunn / 

David Goldfarb / Erwin Knecht / 
Hui-Ling Chiang) 
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+ Autophagy, Polyubiquitin and 
‘Aggregopathies 
(Eiki Kominami / David Rubinsztein / 
Ralph Noon / Terje Johanson) 

+ Autophagy in Native and Acquired Immunity 
(Vojp Deretic / Christian Manz / 
Martino Biard-Piachaczyk / Akiko Iwasaki / 
Hebert Virgin) 

+ Autophagy and Disease 
(Andrew Thorburn / Patrice Codogno / 
Eileen P. White) 

+ Autophagy, Cell Death and Aging 
(Adi Kimchi / Kevin M. Ryan / Jayanta Debnath) 


BIOLOGY OF 14.3.3 PROTEINS, 
Feb 24-29, 2008 

Crowne Plaza 

Ventura, CA 

Chairs: Tohru Ichimura & Anthony Musin 
Vice Chair: Carol Mackintosh 


+ 14-33 Protein Function in 
Transcription and Translation 
(Alastair Aitken / Miniro Yano) 

+ Structure and Target Recognition of 
14-33 Proteins 
(David Klein / Tomas Obsil / Raymond Hui / 
‘Min Li/ Bengt Hallberg) 
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+ Proteomics of 14-3-3 Ligands 
(Carol MacKintosh | Heiko Hermeking ! 
Tohru Ichimura / Amparo Acker-Paimer) 

+ 14-33 Proteins in Signal Transduction and 
Coll Cycle Regulation 
(Alastair Atken ! Deborah Morrison / 
Gur Tzivion) 

+ 14-3:3 Proteins in Metabolism 
(Jan Szopa | Davi Kiein/ 
Carol MacKintosh / Steven Huber) 

+ 14-33 Proteins in Genetics and 
Development 
(Robert Fer! Paul van Heusden) 

+ 14-3 Proteins in Plant Physiology 
{Steven Huber! Robert Fer / 
an Szopa /Patriza Aducci) 

+ 1433 Proteins in Cancer, 
Neurodegeneration, and 
Cardiovascular Disease 
(Gri Tzivion | Satoshi inoue / Mong-Hong Lee / 
Haian Fu / Markus Otto / Anthony Muslin) 


NEW! BIOLOGY OF ACUTE RESPIRATORY 
INFECTION 

Mar 9-14, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Joseph P. Mizgerd 

Vice Chair Jay K. Kos 


+ Perspectives of Respiratory Infection: 
Patients, Populations, and Ecosystems 
(Antoni Torres / Marc Lipsitch / 

Albert D.M.E. Ostorhaus) 

+ Bactorial Acute Respiratory Infections 
{Elaine 1. Tuomanen / Alice S. Prince / 
Joanne Engel / Duncan C. Krause / 

Keith P, Klugman) 

+ Viral Acute Respiratory Infections 
(Yoshihiro Kawaoka / Kanta Subbarao / 
sottrey S, Kahn) 
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(Douglas T. Golenbock / Shizuo Akira / 

‘Chad Steele / Jo Rae Wright / Lester Kobzik) 
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(Theodore J. Standiford / Shawn J. Skerrett / 
Yong-Jun Liu) 

+ Antimicrobial Immune Effector Mechanisms 
(Paul B. McCray / Michelle S. Swanson / 
‘Arturo Zychiinsky / Marco Colonna / 
Stephen J. Turner) 

+ Vaccination 
(David L. Woodland / Denis W. Metzger / 
John J. Treanor) 
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Chairs: Michelle Arkin & Colin Kleanthous. 

Vice Chairs: Karen Fleming & Gideon Schreiber 


+ Macromolecular Machines and Assemblages 
(eff Hansen | Craig Peterson /P. John Hart/ 
Jack Correa) 

+ Advances in Physical Methods 
(Linda Nicholson) 

+ Single-Molecule Dynamics 
(Justin Motoy ! Tackip Ha / David Colquhoun) 

+ Enzyme Dynamics 
(Stove Benkovic / Sharon Hammes Schifler/ 
Rama Ranganathan / Vem Schramm) 

+ Protein-Drug Dynamics 
(Jottory Kelty) 

+ Protein Fluctuations and Function 
(Ruth Nussinov | Michele Vendruscolo | 
Charalampos Kalodimos/ Lita Gierasch) 

+ Conformational Heterogeneity and 
Natively Disordered Proteins 
(Peter Tompa / Richard Kewacki/ 

Laurence Barton / Vladimir Uversky) 

+ Protein Network Dynamics 
(Stophon Michnick / Andre Levchenko / 
Klaus Hahn / Dev Sidhu) 

+ Keynote Address: 

Design of Protein-Protein Interactions 
(Michelle Arkin / David Baker) 


CHROMATIN STRUCTURE & FUNCTION 
May 11-16, 2008 

WGloceo 

Lucca (Barga), Italy 

Chair: Poter B. Becker 

Vice Chair: Robert Kingston 


+ Nucleosome Fibres. 
(Karofin Luger / Jon Widom / Daniela Rhodes / 
David Tremethick / Oliver Rando) 

+ Chromatin Assembly and Repair 
(Daniola Rhodes / Karofn Luger / 
Genevieve Almounzi / Craig Paterson / 
Steve Henikoff / Bas van Steensel) 

+ Dynamic Chromatin Transitions 
(Craig Peterson / Brad Caims / 

Toshio Tsukiyama/ Geeta Nartiar/ 
‘Tom Owen-Hughes) 

+ Histone Modifications and Signalling 
(Bryan Tumer | David Alls / Shelley Berger / 
Tony Kouzarides / Michael Grunstoin / 

Jerry Workman / Yang Shi) 

+ ‘Active Chromatin 
(Jerry Workman / Jane Mellor / As Shilatifard / 
Danny Reinborg ! Ingrid Grummt) 

* Silent Chromatin 
(Jeannie Lee / Robin Alishire / 

Shiv Grewal / Danesh Moazed / 
Thomas Jenuwein / Ramin Shiekhaltar / 
‘Sharon Dent) 

+ Balancing the Genome 
(Stove Henikoff/ Mitzi Kuroda / 

Barbara Meyer / Edith Heard / Jeannie Lee) 

+ Programming and Reprogramming 
Functional States 
(ingrid Grummt | Bryan Tumer/ 

‘Amanda Fisher / Jarg Miller / Renato Paro / 
Rudi Jaenisch / Yi Zhang) 


+ Chromosomes and Nuclear Organisation 
(Genvieve Almouzni | Thomas Cremer / 
Wendy Bickmore / Peter Fraser / 

‘Susan Gasser) 


COLLOIDAL, MACROMOLECULAR & 
POLYELECTROLYTE SOLUTIONS, 

Feb 3-8, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chairs: Ralph H. Colby & Esin Gulari 

Vice Chair: Lynn Mt. Walker 


+ Polyelectrolyte Theory 
(Marshall Fisman | Andrey Dobrynin / 
Michael Rubinstein) 

+ Colloid Assembly 
(ohn Walz / Michael Solomon / 
Darrell Velogo!/ Steve Foulger) 

+ Polyelectrolyte Complexes and 


Overcharging 
(Phil Pincus | Boris Shklovski / Serge Lemay) 
+ Surfactant Structures: 
(Phil Sutivan / Paul Callaghan / 
‘Suzanne Fielding / Kate Stebe) 
+ Biological Polyelectrolyte Complexes 
(Paul Dubin / Manfred Schmidt / Federico Bordi) 
+ Novel Macromolecules 
(Patrick Warren / Lynn Loo / Julia Komfeld / 
‘Nick Abbott) 
*+ Colloidal Dynamics 
(Ravi Sharma | Jan Vermant/ Eric Furst) 
+ Protein Adsorption 
(Maria Santore / Erwin Vogler /Igal Szieior / 
Kyle Vandertick) 
+ Historical Perspective 
(Hyuk Yu) 
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Chair: Ton Peijs 
‘Vice Chair. Gale Holmes 


+ Nanocomposites 
(H. Danie! Wagner | Sanford S, Sternstein / 
Thomas J. Pinnavaia) 

+ Dispersion of Nanofillers 
(Emmanuel Giannolis | Joan-Francois Gerard | 
Cor Koning / Phiippe Dubois) 

+ Modelling of Nanocomposites 
(ohn Naim / Bolla Pukanszky 
Thomas S. Gates) 

+ New Nanofillers 
(Costas Galitis/ Ray H. Baughman / 

Rodney S. Ruoff / Rod Lakes) 

+ Polymers at Surfaces 
(Lary Dral/ Doros N. Theodorou / 

Linda S. Schadien) 

+ MultiFunctional Composites 
(Lars Berglund | L. Catherine Brinson / 

Kart Schulte / Jean-Francois Feller) 

+ Biobased Nanocomposites 
(Takashi Nishino / Amar K. Mohanty / 

Hiroyuki Yano) 

+ Bioinspired Composites 
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+ Inorganic Nanocomposites 
(C.Jeffrey Brinker / Amiya K Mukherjoe) 
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COMPUTATIONAL ASPECTS - 
BIOMOLECULAR NMR 
May 18-23, 2008 
WCiocco 

Lucca (Barga), Italy 
Chair: Rafael P, Bruschwel 
Vice Chair: Stephan Grzesiek 


+ Perspectives on NMR in Structural and 
‘Systems Biology 
(Stephan Grzesiek / Lewis Kay / 

Jeremy Nicholson) 

+ NMR of Partially Folded, Unfolded and 
Misfolded Proteins 
(Martin Blackledge / Julie Forman-Kay / 
Peter Wright) 

+ Protein Structure and Dynamics by 
Solid-State NMR 

+ New Approaches in Rapid Multi-Dimensional 
NMR: Acquisition, Processing, Automation 
(Christina Redfield | Thomas Szyperski / 
Daiwen Yang) 

+ NMR Opportunities in Metabolomics & 
‘Metabonomics 
(Jeremy Nicholson / Gerhard Wagner / 

David Wishart) 

+ Exploring the Potential of Ultra-Fast / 
Ultra-Sensitive NMR. 

(Lucio Frydman) 

+ Unique NMR Insights on Biomolecular 
Dynamics in Solution 
(Lewis Kay/ Joshua Wand) 

+ Quantitative Computational Approaches: 
to the Prodiction of Protein Structure and 
Dynamics 
(Valerie Daggett) 

+ Biomolecular Complexes and interactions 
(Claudio Luchinat / Christina Redfield) 


CRANIOFACIAL MORPHOGENESIS & 
TISSUE REGENERATION 

Fob 10-15, 2008 

NCiocco 


Chair: ma Thostolt 
Vice Chair: Paul Trainor 


+ Noural Crest / Early Events 
(Pau! Trainor / Anthony Graham / 
Laura Gammill) 
+ Evo-Dovo of Patterning 
(Kathleen Smith | Shigeru Kuratani / 
Rich Schneider / Joan Richtsmeier) 
+ Signalling 
(ima Thesielf/ Yang Chai / David Witkinson / 
Trevor Williams) 
+ Morphogenesis 
(Yang Chai! Antonio Baldini | Mike Dixon / 
Sally Moody) 
+ Cleft Lip and Palate 
(Mike Dixon / Karen Liu / Rulang Jiang) 
+ Skoletal Development 
(Bjorn Olsen / Stefan Mundios / Bjom Otsen) 
+ Stem Cells 
(Paul Sharpe | Froda Millor | 
Hans-Peter Howaldt) 
+ Tissue Engineering 
(Matcolm Snead / Samuel Stupp / 
Linda Griffith / Xiu-Ping Wang) 


DNA DAMAGE, MUTATION & CANCER 
Mar 9-14, 2008 

Ventura Beach Marriott 

Ventura, CA 

Chair: John B. Hays 

Vice Chair: Joann B. Sweasy 


+ Keynotes: How Mutations Cause Cancer/ 
Cancer Stem Cells 
(Lary Loeb | Max Wicha) 

+ Genetic Landscapes of Cancer 
(Christoph Klein | Tashiyatsu Taniguchi! 
Laura Wood / Fred Alt) 

+ DNA-Repair Deficiency and Cancer Risk 
Epidemiology 
(Harvey Mohrenweiser | Xiteng Wu / 

David Wilson) 

+ Chemotherapy: DNA Repair and 
Damage-Signaling Implications 
(Peter Karran/ Anne Brit / Mark Kelley / 
Peter McHugh) 

+ Lesion-Processing Pathways 
(Ed Loechler/ Nick Geacintov / 

Robert Fuchs / Barbara Hohn) 

+ Events at Stalled Replication Forks 
(Alan Lehman | Peter Burgers / 

Lajos Haracska / Agnes Cordonnier / 
Kjungjae Myung) 

+ DNA-Damage Toleration During Tissue 
Development, Growth and Aging 
(Laura Neidernhotfer | Phylis Stauss / 
Judy Campisi) 

+ Recognition of DNA Damage 
(Wei Yang / Lorena Bese / James Stivers / 
Jennifer Broadbel) 

+ Novel Mechanisms of Genomic instability 
(Joann Sweasy / Karen Vasquez / 

Potor Glazer / Robert Wells) 


ELECTROCHEMISTRY 
Electrochemistry For A Cleaner Environment 
‘And A Sustainable Energy Future 

Jan 6-11, 2008 

Crowne Plaza 

Ventura, CA 

Chair: Viola |. Biss 

Vice Chair: Stephen E. Creager 


* Solar Energy Conversion 
(Bruce Parkinson | Moungi Bawendi / 
Michael Graetzel / Joop Schoonman) 

+ Materials for Capacitors, 

Batteries, and Fuel Cells, 
(Andreas Stein) 

+ From H, to Nuclear 
(Dave Shoesmith) 

+ Biological Energy Systems 
(Shelley Minteer / Derek Lovley) 

+ Interfacial Structures and Processes 
(Rob Hilman /Alexei Kornyshev / 

‘Andrea Russell) 

+ New Sensing Strategies 
(Petr Vanysek / Art Janata) 

+ High Temperature and Solid State 
Electrochemistry 
(Sossina Hale / Stuart Adler / Clare Grey) 

+ Electrocatalysis 
(Daniel DuBois / Andy Gewinth / Umit Ozkan) 

+ Open Session 
(Stove Creager) 


NEW! FIBROBLAST GROWTH FACTORS IN 
DEVELOPMENT & DISEASE 

Mar 2-7, 2008 

NCioces 

‘Lucca (Barga), Italy 

Chairs: Dave Femig & Gail Martin 

\Viee Chair. Sabine Werner 


+ Keynote Talk 1: Structure and Function of 
FGF Receptors 
(Moosa Mohammadi) 

+ Keynote Talk 2: The Function of FGF 
Signaling in Development and Disease 
(David Ornitz) 

+ FGF Function in Organogenesis 
(Gail Martin / Matthew Hoffman / 

‘Tom Komberg / Blanche Capel / 
‘Suzi Mansour / Nobu Itoh) 

+ Development of the Nervous System 
(vor Mason / Patrick Doherty / 

Juha Partanen / Hisashi Umemori) 

+ Skeletal Biology 
(David Ornitz / Wiiam Horton / 

Claudio Basilica / Victor Nurcombe / 
Irene Hung / Janet Henderson) 

+ Nervous System Function and Repair 
(Juha Partanen / Klaus Unsicker / 

Marco Riva / Claudia Grothe / Ann Logan) 

+ Tumorigenesis 
(Victor Nurcombe / Frangois Radvanyi / 
Richard Grose / Michael Seck! / Marco Presta) 

+ Homeostasis. 

(Sabine Wemer/ Alexei Kharitonenkov / 
Wallace McKeehan / aru Urakawa/ 
Makoto Kuro-o) 

+ Stem Colts, Regeneration and Tissue Repair 
(Janet Henderson / Sabine Werner / 

Gerald de Haan / Bradley Olwin / rma Th 

+ Regulating the FGF Signal 
(Moosa Mohammadi Jeremy Tumbull/ 
‘Asthur Lander) 


ett) 


GENES & BEHAVIOR 
Fob 24-29, 2008 

NCioceo 

Lucca (Barga), Italy 

‘Chair: Marla Sokolowski 
\Vice Chair: David F. Clayton 


+ Mechanistic and Evolutionary Perspectives 
‘on Genes and Behavior 
(Ken Kendler, David Clayton / Gene Robinson / 
‘Nick Martin / Mark Kirkpatrick) 

+ Epigenetics and Evo/Devo 
(Qoug Emien, Michael! Meaney / Moshe Szyt 
John Ewer) 

+ Trainee Data Blitz 
(Allien Moore) 

+ Conflict and Cooperation 
(Joan Strassman, Alison Bell / Kevin Foster / 
Laurent Keller / Ed Kravitz) 

+ Vertebrate Social Life 
(Darcy Kelly. Stephen Suomi! 
Russ Fernald / Larry Young / Benoist Schi 
Donna Maney / David Sku 

+ Behavior, Imaging and Genomics 
(Bob Hitzemann, Daisuke Yammamoto | 
Martin Heisenberg / Gero Miesenbock/ 
oth Grant) 

+ Courtship, Mating and Sexual Selection 
(Mariana Wolfner | Gro Amdam 
Barry Dickson // Tracey Chapman) 


visit the frontiers of science. 


go to a gordon conference! (www.grc.org) 
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+ Sleep and Rhythms 
(Martha Merrow, Bambos Kyriacou | 
Rudi Costa / Paul Shaw) 
+ Language and Communication 
(Joe! Levine / Andy Barron / Leslie Vosshall / 
Shafer / Constance Scharff / Simon Fisher) 
+ Gones and Behavior: Unifying Principles? 
(Jonathan Flint, Cathy Rankin | 
Ralph Greenspan) 


GLYCOLIPID & SPHINGOLIPID BIOLOGY 
Feb 17-22, 2008, 

NCioceo 

Lucca (Barga), Nay 

Chair: Gerrit Van Meer 

Vice Chair: Lina M. Obeid 


+ Sphingolipid Microdomains in 
‘Transport and Signaling 
(Erwin London / Jerry Feigenson / 

Kai Simons / Alex Prinett) 

+ Biophysics of (Glyco}sphingolipids and 
Cholesterol 
(Sandro Sonnino / Bod Ramstedt}) 

+ Sphingolipids and Immunology 
(Hugh Willson / Gennaro De Libero / 
Laura Allende / Susumu Kusunoki) 

+ Storage Diseases and Diabetes 
(Yusuf Hannu / Konrad Sandhoff / 

Fran Platt/ Hans Aerts / Song Chong) 

+ Novel Techniques; Sphingolipidomics 
(Al Meri Jr /Akermi Suzuki / 

Howard Riezman / Jasna Peter-Katalinic) 

+ Sphingolipid Metabolism and Transport 
(Yoshio Hirabayashi / Joost Hokhuis / 
Raman Singh / Thorsten Hornemann / 
Tony Futerman) 

+ Sphingolipid Signaling and Autophagy 
(Julie Saba / Sarah Spiegel / 

Patrice Codogno / Timothy Hla) 

+ Sphingolipids and Cancer; Skin 
(Richard Kolesnick Amy Paller/ Jim Norris / 
Mark Kestor / Alexander Carpintciro) 

+ Mouse Models for Sphingolipid 
Dofects/Cancer and Diet 
(Yasu Igarashi / Koichi Furukawa / 

Ron Schnaar / Ako Nisson) 


GRADUATE RESEARCH SEMINAR: 
BIOINORGANIC CHEMISTRY 

Jan 31 - Feb 3, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Samuel Pazieni 

Vice Chair: Faith E, Jacobsen 


+ Coll Biology of Metals, 
(Caro! Fierko) 

+ Blonspired Inorganic Chemistry 
(Patrick Farmer) 

+ Motals in Health and Medicine 
(Chris Orvigh 

+ Spectroscopic and Computational Insights 
into Metalloenzyme Structure 
(Michael Green) 

+ Metalloenzyme Structure, Function, and 
‘Mechanism 
(Judith Burstyn) 


The Graduate Research Seminar on 
Bioinorganic Chemistry is held in conjunction 


wilh the Gordon Research Conference on Metals 
in Biology (attendance at both meetings is not 
required). 


ISOTOPES IN BIOLOGICAL & 
CHEMICAL SCIENCES: 

Feb 17-22, 2008 

Crowne Plaza 

Ventura, CA 

Chair: Daniel M. Quinn 

Vice Chair: John P. Richard 


+ Enzyme Mechanisms From Isotope Effects 
(W. Wallace Cleland / David Silverman / 
Ralph Pollack) 

+ Isotopic Probes of Inorganic and 
‘Organometallic Reactivity 
(Guy Lloyd-Jones | John Bercaw / 

John Groves / Roy Periana) 

+ Isotopic Methods of Analysis 
(David Perrin | Lingjun Li / Anil Modak) 

+ Isotopic Probes of Organic 
Structure and Reactivity 
(Piotr Paneth | Charles Perrin / Olle Mattson / 
Veronica Bierbaum) 

+ Hydrogen Bond Structure and Function 
(Pou! Erik Hansen! Jan Jensen) 

+ Environmental and Atmospheric Chemistry 
(Mark Thiemens / Cari Brenninkmeijer / 

Vicki Grassian) 

+ Transition States of Enzyme Reactions 
(Pau! Fitzpatrick / Mike Toney / Anthony Sauve) 

+ Biomolecular Structure and Function: 

‘A Symposium in Honor of Maurice Kreevoy 
(Hans Limbach I Judith Klinman / 
Jacob Schaefer / Giovanni Gada) 

+ Computational Chemistry and 
Isotope Effects 
(Vicent Moliner-Ibéfiez / Arioh Warshel / 
Darrin York) 


LIGAND RECOGNITION & MOLECULAR 
GATING 

Mar 2-7, 2008 

Ventura Beach Marriott 

Ventura, CA 

Chair: Susan Buchanan 

Vice Chair: Carola Hunte 


+ Keynote Lecture: Structure and Mechanism 
of ABC Transporters 
(Susan Buchanan / Kaspar Locher) 

+ Small and Large Molecule Transport 
(Carola Hunte / Mike Maguire / Mike Merrick / 
Jim Naismith / Amanda Stouffer / 

Emad Tajhorshid / Vinzenz Unger) 

+ Nucleotide-Coupled Transport 
(Vinzenz Unger | Poul Nissen / 

Heather Pinkett / Peter Tieleman) 

+ Ligand-Gated lon Channels 
(Rick Aldrich | Myles Akabas / 

Claudio Grosman / Mark Mayer) 

+ Voltage-Gated lon Channels 
(Mark Mayer | Rick Aldrich / Eduardo Perazo / 
Mark Sansom / Kenton Swartz / David Yue) 

+ Lipid-Protein interactions and Folding 
(Kenton Swartz / Carol Deutsch / 

Gunnar von Heine / Zhe Lu) 


+ Ligand Recognition in G-Protein 
Coupled Receptors 
(Reintiard Grisshammer / Hisalo Jingam / 
Brian Kobilka / Gebhard Schertler/ 
Roger Sunahara) 

+ Channels and Receptors Assessed by NMR 
(Gean-Luc Popot / Volker Datsch / 
Steve Smith / Lynmarie Thompson) 

+ New Methods for Structural Analysis of 
Membrane Proteins 
(Gebhard Schertier | Flippo Mancia / 
Jean-Luc Popot/ Chris Tate) 


MAGNESIUM IN BIOCHEMICAL 
PROCESSES & MEDICINE 

Mar 9-14, 2008 

Crowne Plaza 

Ventura, CA 

Chair: Wiliam B. Weglicki 

Vice Chair: Federica |, Wolf 


+ Imaging the Cell Mg Homeostasis 
(M. Schweigel/ J. McGuigan /E. Froschauor / 
$. loti /B. Cho /K. Oka) 

* Cellular Physiology of Mg Transport 
(A. Fleig/ T. Guderman / L. Yue / 

F. van Leeuwen / A. Ryazanov) 

+ Mg and Inflammatory Processes: 

(A Mazur! K. Franz /J. Chmielinska | 
R. Rude /A. Romani) 

+ Mg and the Cardio-Cerebrovascular System: 
From Bench to Bedside 
(U. Maier, R. Touyz | P. Flatman / M. Schecter / 
J. Saver / D. McCarron / L. Jacobson) 

+ Mg in Neuroscience: Mental Health 
(R. Vink H. Murck /R. Elin /V. Papadopo}) 

+ Functional and Evolutionary Aspects of 
Cellular Mg Transport 
(R. Bindels / A. Sharenberg / R. Schwayen / 

J. Payandeh) 

+ Mg in the Pathogenesis of the 
Cardio-Motabolic Syndrome 
(M. Barbagallo, F Guorrero-Romoro /K. He / 
J. Nadler /S. Liu / J, Romero) 


MARINE NATURAL PRODUCTS, 
Feb 24-29, 2008 

‘Ventura Beach Marriott 

Ventura, CA 

Chair: Phillip Crows 

Vice Chair. Guy T. Carter 


+ Collaborative Approaches to New Discovery 
(Nobuhiro Fusetani/ Chris eland / 
‘Amy Wright / Motomosa Kobayashi) 

+ New Dimensions on inspirational 
Molecular Structures 
(Val Pau! / Sachiko Tsukamoto / 
Julia Kubanek / Abimael Rodriguez / 
‘Angelo Fontana) 

+ Strategies for Discovery and Analysis. 
(Ted Moinski/ Peter D.R. Moeller / 
Ricardo Riguera / Gabi Koenig) 

+ Chemical Biology, Chemical Genetics & 
Biosynthetic Pathways 
(Erie Schmidt / David Sherman / Bill Gerwick / 
Brad Moore / Joom Piel) 

+ Synthesis and Medicinal Chemistry 
(ohn Pettus / Dan Romo / Larry Overman / 
Melvin J. Yu / Ray Andersen / Janiine Cosy) 


visit the frontiers of science. 


go to a gordon conference! (www.grc.org) 
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+ Hot Stuff From Future Luminaries 
(Yuzura Shimizu! Roger Linington / 
Robert Gichewicz / Coran M. H. Watanabe / 
Kerry McPhail / Philip Willams / Taro Amagata) 
+ Tapping Microbial Diversity 
(Marcel Jaspars / Bill Fenical/ Jeff Wright / 
‘Alan T. Bull / Potor Proksch / Weiming Zhu) 
+ Developing Therapeutics & 
Molecular Probes 
(Henonjoung Kang / Fred Valeriote / 
‘Sue Moaberry / Ron Quinn) 


NEW! MECHANICAL SYSTEMS IN THE 
QUANTUM REGIME 

Feb 17-22, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chairs: Jack G. E. Harris & Androw Cleland 

Vice Chairs: Keith C. Schwab & David McClelland 


+ The Standard Quantum Limit and Beyond, 
Part 
(Steven Girvin/ Keith Schwab / 

David McClelland) 

+ Cooling and Control 
(Howard Wiseman / Antoine Heidmann / 
Konrad Lehnert / Markus Aspeimeyer) 

+ The Standard Quantum Limit and Beyond, 

rt 2 
(Gorard Miburn | Yanbei Chan / 

Roman Schnabel) 

+ Entanglement & Quantum Information in 
Mechanical Systems 
(Milos Blencowe / Paolo Tombesi / 

Dirk Bouwmooster / Lin Tian) 

+ Advances in Materials and Fabrication 
(Michael Roukes / Melissa Hines / 

Kerry Vahala) 

+ Mechanics of the Quantum Vacuum 
(Steve Lamoreaux / Federico Capasso / 
Astrid Lambrecht / Marion Scully) 

+ Mechanical Approaches to Nonclassical 
States 
(Ping Koy Lam / Nergis Mavalvala / 

‘Andrew Amour) 

+ Mechanical Coupling to Quantum Systems 
(ohn Sidles / Leonid Levitov / Daniel Rugar / 
Roberto Onoftio) 

+ Frontiers of Mechanical Quantum Systems 
(Anthony Leggett /Alex Zett/ Kenton Brown) 


METALS IN BIOLOGY 
Jan 27 - Feb 1, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Julie A. Kovacs 

Vice Chair: Peter M. Kroneck 


+ Keynote Talk: Mechanisms of Energy 
Conversion in Biology and Chemistry 
(Harry Gray | Daniel Nocera) 
+ Thermophilic Metalloenzymes 
(Peter Kroneck | Fred Hagen / 
Dianne Newman / Arnulf Kletzin) 
+ Sulfur's Influence on Metalloenzyme 
Function I: Clusters 
(Steve Ragsdale / Paul Lindahl / Richard Holm) 
+ Sulfur's Influence on Metalloenzyme 
Function It 
(Marty Kirk | Charles Riordan / Jason Shearer / 
‘Sean Elliott / Michael Maroney) 


+ 0-0 Bond Cleavage and Formation | 
(il Tolman John Groves / 

Elodie Anxolabehere-Mallar) 

+ 0.0 Bond Cleavage and Formation It 
(Simon de Vries | Shelagh Ferguson-Miler | 
Ken Karin / Edward Solomon) 

+ Oxidative Stress and Reactive 
Oxygen Species 
(Joan Valentine / Diane Cabell / Chris Chang / 
Katherine Franz) 

+ Bioinspired Catalysis 
(Jonas Peters | Thomas Ward /.0.P. Stack/ 
Larry Que) 

+ Joint Session with Graduate Research 
Seminar / Keynote Talk 
(Stove Lippard | Thomas V. OHalloran) 


‘The Gordon Research Conference on Metals in 
Biology is held in conjunction with the Graduate 
Research Seminar on Bioinorganic Chemistry 
(attendance at both meetings is not required). 


MOLECULAR EVOLUTION 
Feb 3-8, 2008 

Crowne Plaza 

Ventura, CA 

Chair: Bille J. Swalla 

Vice Chair: David Rand 


+ Exploring Adaptive Landscapes 
(Bon Kerr | Tony Dean / Dan Weinrich) 
+ Evolvability 
(Ganter Wagner/ Litach Hadany / 
Suzannah Rutherford / Susan Rosenberg) 
+ Phylogenomics 
(Laura Katz | Monica Medina / Jenniter Hughes) 
+ Molecular Evolution of Body Axes 
(Mike Levine / Elaine Seaver / 
Mark Martindale / John Gerhart) 
+ Positive and Negative Selection on 
Noncoding DNA 
(Potor Andotfato / Manolis Dermitzakis / 
Ed Rubin) 
+ Measuring Evolutionary Timescales 
(Bret Payseur/ Sarah Tishkolt / Asher Cutter / 
Joanna Mountain) 
+ Molecular Basis of Heart Evolution 
(Doug Crawford / Brad Davidson / 
Jose Xavier-Noto) 
+ Computational and Statistical Advances 
(Sudhir Kumar! David Haussier / 
Carlos Bustamante / Lindel! Bromham) 
+ Microevolution of Development 
(Norman Johnson /Exic Haag / Hope Hollocher) 


MOLECULAR MECHANISMS IN LYMPHATIC 
FUNCTION & DISEASE 

Mar 2-7, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Geert Schmid-Schonbein 

Vice Chair: Michael J. Detmar 


+ Growth Factor Mechanisms and Stem Cells 
in Lymphangiogenesis 
(Guillermo Oliver / Kari Aitalo/ 
Brant Weinstein / Michael Detmar / 
Peter Carmel) 


+ Lymphatic Vasculature in Immunity and 
Inflammation 
(Dieter Maurer/ Uli van Andrian / 
‘Gwendalyn Randolph / David Jackson / 
Dontscho Kerjaschki) 

+ Lymphatic Vessel Morphogenesis and 
Maturation 
(Oavid Jackson / Taija Makinon / 

‘Anne Eichmann / Toshio Ohashi) 

+ Signal Transduction in Lymphatic 
Endothelium and Smooth Muscle 
(Taija Makinen / Lena Claesson-Welsh / 
Elisabetta Dejana / Hellmut G. Augustin / 
Donald McDonald) 

+ Transcriptional Regulation of 
Lymphangiogenesis 
(Brant Weinstein Guillermo Oliver / 
Peter Koopman / Tatiana Petrova / 
Dieter Maurer) 

+ Molecular Control of Lymph Transport 
Activity and Tissue Engineering 
(Peter Carmeliot / Melody Swartz / 

David Zawioja / David Bates) 

+ Lymphatic Metastasis 
(Keri Altalo/ Michaela Skobe / Marc Achen / 
Rakesh Jain/ Judith Vamer) 

+ Genetics and Treatment of Lymphatic 
Dysorders 
(Oavid Zawieja Peter Mortimer / 
‘Tuomas Tammela / Stanley Rockson / 
‘Miikka Vikkula) 

+ Pathological Lymphangiogonesis and 
Lipid Transport 
(Michaela Skobe | Gou Young Koh / 
Bronek Pytowski / Young Kwon Hong) 


MYELIN 
May 4-9, 2008 

NN Clocco 

Lucca (Barga), italy 

‘Chair: Potor J. Brophy 

Vice Chair: Wendy B. Macklin 


+ Keynote Talk: Myelination and 
Demyelination - Progress, and Major 
Unsolved Questions 
(Bavid Colman / Bruco Trapp / Boris Zale) 

+ Junetional Complexes, Axo-Glial 
Interactions and Assembly of the 
Node of Ranvier 
(Stoven Scherer, On Poles) 

* Peripheral Neuropathies: Lessons for 
‘Schwann Coll Biology 
(Kristian Jessen, Dies Mojer) 

+ Signaling and Transcriptional Regulation in 
Myolinating Glia 
(Nancy Ratner, Jim Salzer) 

+ White Matter Diseases: Lessons for MS? 
(David Rowitch, Charles french-Constant) 

+ Repair and Regeneration in Vivo 
(Mari Filbin, Anne Baron-Van Evercooren) 

+ Extracellular Signaling and Myelination in 
CNS and PNS 
(Robert Miler, Kiaus-Armin Nave) 

+ Glial Goll Death and Axonal Pathology 
(Lary Wrabetz, Julia Edgar) 

+ Animal Models of Demyelination: Have We 
Learned Anything Useful? 

(Robin Frankiin, Richard Reynolds) 


visit the frontiers of science. 


go to a gordon conference! (www.grc.org) 
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NEW! NEW ANTIBACTERIAL DISCOVERY & 
DEVELOPMENT 

Mar 9-14, 2008 

NCiocco 

Lucca (Barga), Italy 

Chair: Robert EW. Hancock 

Vice Chair: Jutta Heim 


+ The Picture Today and Tomorrow - 
Keynote Addresses 
(Trovor Trust/ Julian Davies / Karen Bush) 

+ Conventional Targets 
(Lynn Siver! Prabhavathi Fernandes / 

Roy Kishony / Hans Georg Sahl / Ann Eakin / 
Roger C. Levesque) 

+ Screening Strategies and Hit Generation 
(Ken Stover! Jay Hinton / Dieter Habich / 
Jennifer Leeds) 

+ Altornative Antibacterial Approaches 
(James Mond / John North / Vincent Fischett/ 
‘Alan Bocking) 

re-Clinical and Clinical Considerations 
(David Payno John Rex / Keith Rodvold / 
Robert Munford) 

+ Gram Negative Active Drugs 
(Laura Piddock | Matthew E. Fatagas / 

Tim Fala / Dirk Buman / Natalie Stynadka) 

+ Novel Targets and Overcoming Resistance 
(Jared Siiverman / Patricia Bradiord / 

‘Sheo Singh / Satoshi Murakam / Eric Brown) 

+ Selected Topics & Late Breakers 
(Paice Courvaliny 

+ Recent Experience with Clinical Triats 
(Jutta Heim / Bruce Montgomery) 

+ Towards More Efficient Antibacterial 
Development 
(Keith Poole / Jacques Schrenzol / 

Rod Hubbard / Rudolf Then) 


ORGANIC STRUCTURES & PROPERTIES 
Molecular Design & Supramolecular 


Lucca (Barga), Italy 
Chairs: Mireille Blanchard-Desce & 
Joanna Aizenberg 

Vice Chair: Vincent M. Rotello 


+ From "Solid" to "Fuzzy" Organization - 
Challenges and Scope of 
Self-Organization I: Crystal Engineering 
{G. Desiraju / F. Grepioni/ K. Rissanen) 

+ From "Solid" to "Fuzzy" Organization - 
Challenges and Scope of 
‘Self-Organization ll: From Supramolecular 
Organization in the Solid State to 
Solf-Assombly 
(W. Hosseini R. Resnati/ G, Decher) 

+ New Frontiers in Modular Control of 
Properties (lonic Liquids / Modified 
‘Quantum Dots) 

(F. Stollacci /R. Rodgers) 

+ Supramolecular Chemistry and Dynamics 
(JM. Lehn / J. Rebek / V. Balzani) 

+ Molecular Nanomachines and Dynamic 
Structures 
(C. Barrett/B.L. Feringa) 

+ MoleculariSupramolecular Photonics: 
Functional Molecules to Functional Materials 
(SR. Marder/L. De Cola/ F. Warthner) 

+ Biomaterials: Functional Architectures 
From Molecular Chemistry 
(2. Guan /K. Johnsson) 


+ Bio(inspired) Materials 
(L-Addaai / LEstroff/ T. Douglas) 

+ Architecture-Structure-Property Control in 
PolymersiDendrimers 
(T. Swager /AM. Caminade) 


ORIGIN OF LIFE 
Jan 20-25, 2008 

Crowne Piaza 
Ventura, CA 

Chair: Robert M. Hazen 
Vice Chair: George E. Fox 


+ From Scenarios to Schemas: 
Robust Models for Life's Origins 
(Harold Morowit / John Baross) 

+ Real World Geochemical Complexity: 
Interfaces, Gradients and Cycles 
(Victoria Orphan / Kevin Zahnle / Ariel Anbar/ 
Michael Russell) 

+ Alternative Planetary Environments for Life 
(Dirk Schulze-Makuch / Darlene Lim / 
‘Athena Coustensis / Steve Benner) 

+ Roots of, and Roots to, Metabolism 
(Gorge Cody / Nicolas Platts / 
Sholey Copley / Eric Smith) 

+ Metabolism First: An Abundance of Worlds 
(Robert Shapiro / Eors Szathméry / 
‘Arthur Weber / Irene Chen) 

+ The Legacy of Stanley Miller: 
Heterotrophic Origins 
(etrey Bada / Antonio Lazcano / 
H. James Cleaves / Potor Nielson) 

+ Progress Towards Synthesizing an 
Artificial Celt 
(Wack Szostak) 

+ The Origins of Biochemical Homochirality 
(Donna Biackmond) 

+ The Case for the RNA World 
(John Suthertand / Harry Moller / 
Reza Ghadin / Ram Krishnamurthy) 

+ Reconciling the Metabolism First versus 
RNA First Debate 
(Nigel Goldenteld / Gunter von Kiodrowski) 


NEW! GRADUATE RESEARCH SEMINAR: 
ORIGIN OF LIFE 

Jan 19-20, 2008 

Crowne Piaza 

Ventura, CA 

Chairs: Luis Delaye & Nicole R. Posth 


‘The Graduate Research Seminar on Origin of 
Life is a two-day Gordon Conference-style meeting 
exclusively for graduate students and postdoctoral 
fellows. Speakers will be chosen from among the 
altendees. The Gordon Research Conference on 
Origin of Life will take place at the same location, 
immediately following the Seminar. 


OXYGEN RADICALS 
Feb 3-8, 2008 

Ventura Beach Marriott 

Ventura, CA 

Chairs: Stanley L. Hazen & Kevin Moore 

Vice Chairs: Garry Buettner & Anthony J. Kettle 


+ Superoxide Dismutase (SOD) 
(John Keaney / Joe Beckman | Serpil Erzurum) 


+ Oxidative Stress, inflammation and 
Cardiovascular System 
(Serpi Erzurum | Cecelia Gilvi/ 
John Keaney / Neil Granger / 
Clay Semenkovich) 
+ Oxidized Lipids and Disease Mechanisms 
(Valerian Kagan / Eugene Podrez / 
Valerie ODonnell) 
+ NO/ Nitrite Biochemistry and Disease 
(Victor Dariey-Usmar | Mark Gladwin / 
‘Andrew Gow / Jon Lundberg / Rakesh Patel) 
+ Iron Proteins and Oxidative Stress 
(Valerie ©Donnell/ Raman Kalyanaraman / 
Paul Fox) 
+ Chemistry of Thiols and Thiol Signaling 
(Raman Kalyanaraman / Neil Hogg / 
Richard Cohen / Michael Murphy / 
Philip Moore) 
+ Diabotes and Oxidative Stress 
(Clay Semenkovich | Michael Brownlee / 
David Stem) 
+ Mitochondria and Free Radical Generation 
(Cocelia Giulvi/ Victor Darley-Usmar / 
Robert Balaban / Valerian Kagan / Shruti Shiva) 
+ Oxidative Chemistry and Disease Processes 
(Joe Beckman | Joe Loscalzo) 


PEPTIDES, CHEMISTRY & BIOLOGY OF 
Feb 17-22, 2008 

‘Ventura Boach Marriott 

Ventura, CA 

Chairs: Carrie HaskellLuevano & Kit S. Lam 

Vico Chairs: Samuel H. Gellman & Mark R Spaller 


+ Poptide/Protein Design Strategies 
(Henry Mosberg / George Barany / 
Jerry “Ryan” Holder / Mike Pennington) 

+ Folding and Dynamics 
(Gouri Jas / Kreysztof Kuczera / 
Poter Steinbach / Charles Brooks lI!) 

+ Ligand-Protein Interactions 
(Tomi Sawyer / Maria Bednarek / 
Dennis Dougherty) 

+ Infectious Diseases 
(Bob Hodges / Alanna Schopartz / 
Jean Chmiclowski / Bob Hodges) 

+ New Chemistry Approaches in 
Peptide Science 
(Femando Albreico / Scott Miller / 
Richard Houghten / Fernando Albroico / 
Jon Ellman) 

+ Material Scionce!Nanotechnology 
(Hiroshi Matsui | Morley Stone / 
Hiroshi Matsui / Ehud Gazit) 

+ Chemical Biology & Molecular Imaging 
(Tom Kodadek / Xiaoyuan "Shawn" Chen / 
Nathanael Gray / Yvonne Angell) 


PHOTOACOUSTIC & PHOTOTHERMAL 
PHENOMENA. 

Photoinduced Processes And Applications 
Feb 10-15, 2008 

Crowne Plaza 

Ventura, CA 

Chair: Masahide Terazima 

Vice Chair. Vitalyi Gusov 


+ Photon-Materials Interaction and 
‘Spectroscopy 
(C.D. Tran/ Rot Hemberg / S. Bialkowski / 
G. Diebold) 


visit the frontiers of science. 


go to a gordon conference! (www.grc.org) 
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+ Nanoscale and Quantum Phenomena 
(Cav G. Cahill /F. Vallee / Arun Majumdar) 
+ Uttrafast Phenomena 
(K. Katayama / M.A. El-Sayed / 
‘Masashi Yamaguchi) 
+ Imaging and Microscopy 
(Aled Voge!) 
+ Chemical, Biological, and 
Medical Applications 
(Vladimir Zharov /A. Hammiche) 
+ Laser-Based Diagnostics 
(H. Talaat /A.A. Karabutov / Gilles Tessier) 
+ Nondestructive Evaluation 
(A. Mandolis / Claire Prada) 
+ Materials Processing 
(Ingolf Hertel / P. Hess) 
‘+ Mechanisms of Photon-Materials 
Interaction and Removal 
{Leonid Zhigile / Akos Veres) 


PHOTOIONS, PHOTOIONIZATION & 
PHOTODETACHMENT 

Jan 27 - Feb 1, 2008 

WCioceo 

Lucca (Barga), Italy 

Chair; Klaus Maller-Dethiefs 

Vico Chair: Albert Stolow 


+ Photodetachment 
(Carl Lineberger / Dan Neumark / 
‘Bob Continett) 
+ Electron Correlation in Scattoring and 
Photoionization 
(Uwe Bockor Lorenz Cedersaum / 
Georg Priimper / Stefano Stranges / 
George King) 
+ Uttrafast Time-Resolved Photoionization 
‘Spectroscopy 
(ohn Dyke / Masaaki Fuji / Valérie Blanchot) 
+ ZEKE Rydborg Probes of Molecules and 
Clusters 
(Yuxiang Mo / Chauk-Yiu Ng / 
‘Myung Soo Kim / Wen-Bih Tzeng) 
+ Cold Rydberg Plasmas and 
Coulomb Crystals 
(Chris Greene / Tom Gallagher / Pierre Pitt) 
+ Photoionization 
(Erwin Polakott | Piero de Ciova | 
Eric Charron / Franco Vecchiocattivi/ 
J. Vince Ortiz) 
+ Towards Attosecond Dynamics 
(Thomas Baumert / Mischa Ivanov / 
Margarot Murano) 
+ Novel Methods for Molecular Dynamics 
(K. Ueda / Reinhard Dorner / Bill McCurdy) 
+ Hot Topics 
(Mark Johnson) 
+ Biological Molecules and Radiation Damage 
(Ed Grant / Andrew Bass / Franco Gianturco) 
+ Keynote Address: 
‘Lifetime of Rydberg States 
(Christian Jungen) 


PHOTOSENSORY RECEPTORS & SIGNAL 


Chair: Klaas J. Hellingwert 
Vice Chair: Kevin H. Gardner 


+ Structure and Mechanism of Signal 
Generation in BLUF Domains 
(Cart Bauer) 

+ From Structure to Signal-Transduction 
Chain in the Phytochrome Family 
(Eberhard Schaefer) 

+ New Techniques for the Study of 
Photosensory Signal Transduction 
(Pil-Soon Song) 

+ From Structure to Function in 
‘Visual Rhodopsins 
(Kris Palczowski, Bob Birge) 

+ Microbial Rhodopsins: Diversity, 

Structure, and Mechanism of 
Signal-Generation and Transfer 
(John Spuaich) 

+ The Mechanism of Signal Transfer Mediated 
by LOV Domains 
(Peter Hegemann) 

+ Blue-Light Photoreception 
(Michael Cusanovich) 

+ The Mechanism of Signal Generation in 
Cryptochromes 
(Aziz Sancar) 

+ On the Application of Light-Sensing Proteins 
(Georg Nagel) 


PINEAL CELL BIOLOGY 
‘Mechanisms Of Circadian Rhythmicity And 
Melatonin Action 

Apr 20-25, 2008 

WGiocco 

Lucca (Barga), Italy 

Chair: Jorg H. Stehle 

Vice Chair: David R. Weaver 


+ Regulation of Pineal Melatonin 
Synthesis - New Twists in an Old Story 
(Helena tinerova | Steven Coon | 
‘Valérie Simonneaux / Anthony Ho) 

*+ Melatonin Receptors - 

What Are They Good For? 
(David Weaver / Ralf Jockers / Jean Boutin / 
Benoit Maipaux / Jonathan Johnston) 

+ Management of Time in Human 
Chronobiology 
(Afred Lewy / Til Roonneberg / Debra Skene / 
Steven Lockley / Shantha Rajarainam) 

+ Retina and Melatonin - Seeing the Clock? 
(Michael luvone | Gianluca Tosini/ 

Russell Foster / Ignacio Provencio) 
+ Rhythms in the Periphery - 
‘The Role of Melatonin 
(Michael Menaker / Andries Kalsbeok / 
David Hazlerigg / Sandrine Dupré) 

+ Pineal Regulators During Evolution, through 
Life-Span, with Season, Day-by-Day 
(Horst-Werner Kort | Elise Cau / Yoav Gothit / 
Dick Swaab) 

+ Linking Melatonin and Clocks with Disease 
and the Immune System 
(George Brainard / David Blask / 

Marina Anloch / Eus van Someren) 


+ The Role of the Pineal in Clocking 
‘Seasonal Adaptation 
(David Kennaway | Annika Herwig / 
Brian Barnes / Gerald Lincoln) 
+ Invited Poster Talks from 
‘Submitted Abstracts 
(Carla Green, Andrew Loudon) 
+ Keynote Talk I: The Global Nature of the 
Daily Rhythms in Rodent Pineal 
Gene Expression 
(Elizabeth Maywood | David C. Kiein) 
+ Keynote Talk Il: Impact of Melatonin on 
Human Health 
(Martin Zatz / Josephine Arendt) 


PLASMINOGEN ACTIVATION & 
EXTRACELLULAR PROTEOLYSIS 

Feb 10-15, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Toni Antats 

Vice Chairs: Thomas H. Bugge & Niels Behrendt 


+ Receptors in Thrombosis and Fibrinolysis 
(Ed Plow / Shaun Coughlin / Lindsay Miles / 
‘Michael Ploug) 

+ Inflammation, Pathogenesis and 
Host Defense 
(Walia Goldman | Jay Degen / 

Wyndham Lathem / Stephen Smiley) 

* Proteolytic Pathways: 

(Sidney Strickland | Katherine Hajar / 
Vincent Ells / Jeffrey Smith) 

+ Dysregulated Proteolysis 

(Victoria Ploplis / Roman Szabo 

Daniel Kirchhofer / Francesco Blasi) 

Proteolysis in Tumor Biology 

(Steven Gonias / Harold Chapman / 

‘Sharon Stack / Potor Friod!) 

+ Neurobiology and Neurological Diseases 
{Stolia Tsirka/ Katorina Akassogiou / 

Dan Lawrence / Wendy Campana / 
‘Sidney Strickland) 

+ Late Breaking Hot Topics from Abstracts 
(Thomas Bugge, Niels Behrendt) 

+ Atherosclerosis and Cardiovascular Disease 
(Dudley Strickland / Qingyu Wu / 

David Ginsburg / Dudley Strickland) 
rotease Engineering 

(Ed Madison / Thomas Bugge) 


PROLACTIN & GROWTH HORMONE FAMILY 
Feb 10-15, 2008 

‘Ventura Beach Marriott 

Ventura, CA 

Chair: Haligeir Rui 

Vice Chair. Vincent Goffin 


* Transcriptional Control of PRL and GH 
Genes 
(Hallgeir Rui! Anthur Guterrez-Hartmann / 
‘Nancy Cooke) 
+ PRLand GH Pathway Mutations and 
Polymorphisms 
(Stephen Liebhaber / Anders Juul/ 
Ron Rosenfeld / Asta Fors / Philippe Touraine) 
+ PRL& GH Intracellular Signaling 
(nda Schuler! Chrisine Carter-Su / 
Charles Streuli/ Ted Elsasser) 


visit the frontiers of science... go to a gordon conference! (www.grc.org) 


Gordon Research Conferences: Session | 2008 Meeting Schedule (continued) 


+ Clinical and Pathological Aspects of 
PRL and GH 
(Chartes Clevenger | Michael 0. Thomer / 
A.J. Van der Lely / Ross Ciark / Ken Ho) 

+ Stem Cells in GH and PRL Target Organs 
(Kay-Uwe Wagner / Gabriela Dontu / 
Gil Smith / Michael Waters) 

+ PRLIGH Target Organs 
(Geula Gibori/ Nadine Binart / Ralf Paus / 
Peter Lobie / Michael Freemark) 

+ PRL and GH-Related Ligands 
(Carmen Clapp / Joseph Martial / 
Denise Hitiker-Kleiner / Richard Ross) 

* Pituitary and CNS 
(Julian Davis | Dave Grattan / Robert Bridges / 
‘Sam Weiss / Shlomo Melmed) 

+ Caveolins, PRL and GH in Mammary 
Development and Tumorigenesis: 
(Vincent Goffin | Michael Lisanti) 


PROTEIN COFACTORS, 
RADICALS AND QUINONES: 

Jan 20-25, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Joan B. Broderick 

Vice Chair: Brit-Marie Sjoberg 


+ Radical Mechanisms | 
(Wolfgang Blcko!/ J. Martin Botingor) 
+ B,, and Radical SAM Enzymes 
(Vosoph Jaret! / Catherine Drennan / 
‘Noll Marsh / Ruma Banerjee / Peter Roach) 
+ Electron and Proton Transfer 
(JoAnne Stubbe / Michael Sutcitfo) 
+ Radical Mechanisms it 
(Wustine Roth / George Reed) 
+ Cross-Linkod Amino Acid Cofactors 
{Robert Gennis / Brian Fox) 
+ Complex Redox Cofactors: Mechanism 
(Sean Eliott / Lance Seefetdt / 
Frasor Armstrong / Gary Brudvig) 
+ Complex Redox Cofactors: Biosynthesis 
(ohn Peters / Luis Rubio / Barbel Freidrich) 
+ Quinone Cofactor 
Biogenesis and Mechanism 
(Guin Klinman / Vielor Davidson / 
Lawrence Sayre / Cocita Tommos) 
+ Chomistry and Biology of 
Ribonucleotide Reductases 
(Grit-Marie Sjoberg) 


PROTEIN FOLDING DYNAMICS 
Jan 6-11, 2008 

Four Points Sheraton / Holiday Inn Express 
Ventura, CA 

Chair: Charles L. Brooks 

Vice Chair: Susan Marqusee 


+ Keynote Lecture I: Unified Theory of 
Protein Folding, Experimental Perspective 
(Peter Wolynes /S. Walter Englander) 

+ Keynote Lecture il: New Frontiers, 

Where Shall We Head? 
(Peter Wolynes / Dave Thirumalai) 

+ Probing Folding and Misfolding Pathways 
(Valerie Daggett / Jana Khandoghin / 

Balch / Joan Shea) 

+ Fast Folding Events 
(Wiliam A. Eaton | Victor Munoz / 

Peter Hamm / Ken Dill) 


+ Exploring Folding Landscapes and 
Mechanisms | 
(Mikael Ofiveberg | Jane Clark / 
Bob Matthews / Cecefa Clement) 

+ Exploring Folding Landscapes and 
Mechanisms It 
(Sheena Radford / Margaret Cheung) 

+ Keynote Lecture il: New Challenges and 
Horizons for Protein Folding 
Experiment and Theory 
(Vijay Pande / Alan Fersht) 

+ Single Molecule Folding Studies 
(Jose Onuchic Matthias Ret 
‘Sophie Jackson / Carlos Bustamante / 
Ben Schuler / Julio Fernandez) 

+ Membrane Mediated Folding Dynamics 
(Angel Garcia | Feng Gai / Wonpil im/ 
Mei Hong) 

+ Fluctuations and Conformational Ensembles 
(J Winker | Vince Hiser / 
Bertrand Garcia Moreno / Lynne Regan) 

+ Chaperones and Co-Transtational Folding 
(Silvia Cavagnero / Elke Deuerling / 
‘Adeian Elcock/ Ulrich Hart) 


RADIATION ONCOLOGY 
Understanding The DNA Damage Response 
To Optimize Radiation Therapy 

Jan 27 = Feb 1, 2008 

Ventura Beach Marriott 

Ventura, CA 

Chair: Simon N. Powell 

Vice Chair: Wiliam F. Morgan 


+ Keynotes: Harnessing Biology to Optimize 
Radiation Therapy 
(J. Martin Brown / Michael Kastan) 
+ Increasing the Effects of DNA Damage in 
‘Tumors by Chromatin Modification 
(Andre Nussenswoig / Junje Chen / Gary Kao) 
+ Modification of DNA Damage Checkpoints in 
‘Tumors and Normal Colls 
(Holon Pinica-Worms/ David Cortez / 
Jiri Bartek) 
+ Adaptation From Checkpoints 
(Jim Haber! Jiri Lukas / Marco Foiani) 
+ Stalled Replication, Fork Cleavage, 
Replication Restart 
(Alan Lehmann | Wolt Heyer / Bing Hui Shen) 
+ Homologous Recombination Defects in 
Tumor Cells 
(Alan Ashworth / Alan D'Andrea / 
Thomas Helleday) 
+ Competition Between DNA DSB Repair 
Pathways 
(Rodney Rothstein / Jac Nickoloff / Maria Jasin) 
+ Effects of Hypoxia on DNA Repair 
(Amato Giaccia / Peter Glazer / 
Robert Bristow / Ester Hammond) 
+ Genomic Approaches to Studying Variations 
in Radiation Response 
(Janet Hall/ Arnold Levine | Howard Macleod) 


SENSORY TRANSDUCTION IN 
MICROORGANISMS. 

Jan 13-18, 2008 

‘Ventura Beach Marriott 

Ventura, CA 

Chair: Ann M. Stock 

\Vice Chair: Ann H. West 


+ Receptor Amplification and Adaptation 
(Bob Bourret / Brian Crane / George Ordal / 
Jeffry Stock / Sriram Subramaniam) 

+ Bacterial Chemotaxis Mechanisms and 
Models 
(Michae! Eisenbach | Howard Berg / 
Frederick Dahiquist/huro Kawagishi / 
‘Victor Sourjik / Yuhai Tu / Ned Wingreen / 
{gor Zhutin) 

+ Receptor Sensing and Signaling 
(Gerald Hazelbauer / Joseph Falke / 
karen Ottemann / John S. Parkinson / 

John Spudich / Barry Taylor) 

+ Molecular Mechanisms of 
Diroctod Movement 
(Alan Kimmel Judith Armitage / Rick Fito 
John Kirby /Arash Komeil / Willam Loomis / 
Liz Sockett/ Zhaomin Yang) 

+ Intracetiular Signaling 
(Alan Woe Katherine Borkovich / 

Caroline Harwood / James Hoch / 
Lotte Segaard-Andersen) 

+ His-Asp Phosphorolay Signaling 
(Philip Matsumura | Richard Calderone / 

Jan Fassier / Michae! Laub / Kathleen Ryan / 
Kaz Shiozaki) 

+ Motility and Localization 
(Wenyuan Shi Guenther Gerisch / 

‘Tam Mignot/ Peter Satir/ David Zusman) 

* Motility and Structural Basis of Movement: 
(Rudigor Schmitt / Shin-ichi Aizawa / 

'Nyles Charon / Michio Homma / 
Kelly Hughes / Keiichi Namba) 

+ Pathogenesis and Virulence Mechanisms 
(Linda Kenney / Everett P. Greenberg / 

Fred Hughson / Linda McCartor/ Fiat Yiliz) 


SPIROCHETES, BIOLOGY OF 
Jan 20-25, 2008 

‘Ventura Beach Marriott 
Ventura, CA 

Chair: Sven A. Bergstrom 

‘Vice Chair. Richard P. Ellon 


+ Structure-Function Biology 
(Ben Adtor Jaques tzard / Justin Radol/ 
Ira Schwarz David Hampson) 

* Biology Related to Risk for Infection 
(Richard Zeurner | Sarah Randolph / 
Joseph Vinetz / Jean-Francois Trapé / 
‘Jennifer C. Mir) 

+ Advances in Genomes and Genetics and 
Past Chair Forum 
(Sherwood Casjons / Patricia Rosa / 

Floyd Dowhirst/ Nyios Charon / 
Alan G. Barbour /Steve Norris / 
‘Sheila Lukehart) 

+ Spirochetal Transport, 

Environmental Signats, and Metabolism 
(Jared Leadteter Frank Gherardni/ 
NLA. Motaleb / Helene Louvel / 

Janakiram Seshu Juan Anguita) 

* Invasion and Evasion Strategies of 
‘Spirochetal Pathogens: 

(Chris Fenno / Erol Fikrig / Kazuyuki Ishihara / 
Carofine Cameron / Jorge Benach) 


visit the frontiers of science. 


go to a gordon conference! (www.grc.org) 


Gordon Research Conferences: Session | 2008 Meeting Schedule (continued) 


+ Spirochete Biology & Diversity 
(Anette Moter/ Tom Schwan / 
Cathrine Brissette / Alen C. Steere / 
Betty Guo / Jay Carrol) 
+ Interaction with Host Cells and 
Immunopathology 
(Linda Bockonsted / Mario Philipp / 
John Leong / Ruth Montgomery / Janis Weis) 
+ Regulation of Replication and 
Gone Expression in Spirochetes 
(Grian Stovonson ! Jotrey Miller / 
Lorenzo Giacani / Felipe Cabello / 
‘George Chaconas / David Haake) 
+ Late Breaking Session 
(Wenitor Coburn, Kt Tly) 


NEW! THIOL-BASED REDOX 
REGULATION & SIGNALING 
May 25-30, 2008 

NClocco 

Lucca (Barga), Italy 

Chair: Ruma Banerjoo 

Vice Chair: Roberto Sitia 


+ Redox Signaling 
(Ruma Banerjoo / Vadim Gladyshov / 

‘Art Horowich) 

+ Disulfide Bond Formation and Isomerization 
(Jim Bardwell / Chris Kaiser / Debbie Fass / 
Kenji Inaba / Inoke Braakman) 

+ Redox-Based Intra- and Extra-Cellular 
‘Communication 
(Arne Holmgren | Dean Jones / 

‘Anna Rubartell / Jonathan Kipnis) 

+ Peroxide Generation and Clearance 
(Leslie Poole / Peter Chumakov / Chris Chang) 

+ Redox Sensing 
(Colin Thorpe / John Holman / Stuart Lipton) 

+ Mitochondrial Redox Regulation and 
Disease 
(Jon Beckwith / Carla Koohier / 

Michael Murphy / Marco Giorgio/ 
Kostas Tokatiis) 


+ Thiol Modificatios and Regulation 
(Miche! Toledano / Harry ischiropoulos / 
‘Stephane Lemaire / Phil Hogg) 

+ Regulation and Targeting of 
Sulfur Metabolism 
(Ursula Jakob / Katja Becker / 

Peggy Baudouin-Comu) 

+ Emerging Redox Technologies 

(Roberto Sita / Ken Tew / Jim Wells) 


NEW! ULTRAFAST PHENOMENA IN 
COOPERATIVE SYSTEMS: 

Feb 3-8, 2008 

WGioceo 

Lucca (Barga), Italy 

Chairs: Antoinette J. Taylor & Andrea Cavalteri 
Vice Chair: Tony F. Heinz 


+ Photoinduced Phase Transitions | 
(Ebert Chia) 
+ Photoinduced Phase Transitions it 
+ Quasiparticle Dynamics in 
Correlated Solids | 
(Antoinette Taylor Jue Demsar) 
+ Quasiparticle Dynamics in 
Correlated Solids it 
(Richard Avert / Stuart Trugman) 
+ Photoinduced Metal-insulator Transitions 
(Andrea Cavater)) 
+ Exciton Dynamics 
(Tony Heinz) 
* Ultrafast Magnetism 
(Paul Van Loosdrecht) 
+ Spin Manipulation 
+ Coherent Dynamics 


VIRAL VECTORS FOR GENE THERAPY, 
‘THE SCIENCE OF 
Mar 2-7, 2008 


‘Vice Chair: Luigi Naldini 


+ Immune Response to Viral Vectors 
(Pau! Robbins / Kathy High) 
+ Biodistribution and Targeting 
(ohn Engelhardt | Jude Samulski/ 
Renata Pasqualini/ Wadih Arap / 
Richard Vile / David Schafer) 
+ Viral Entry and Nuclear Translocation 
(Jude Samutsk / John Engelhardt / 
‘Arun Srivastava / Mark Kay) 
+ Host Cell Response to Viral Infection 
(Joseph Glorioso / Karen Mossman / 
Erk Falck-Pedersen / Paola Grandi) 
+ Innate Immune Response to Viral Infection 
(James Wilson | Daniel Muruve / 
Glen Nomerow / Yiping Yang) 
+ Adaptive Immune Response to 
Viral infection 
(Luigi Nalini Androa Amatitano | 
James Wilson / Luca Guidot) 
+ Approaches to Blocking th 
Immune Response to Viral infection 
(Malcolm Brenner / Luigi Naini / 
Maria Grazia Roncarol / Roland Herzog) 
+ Suppression of the Immune Respon: 
Gone Transfer 
(Moria Grazia Roncarolo | Paul Robbins / 
David Scott / Garrison Fathman) 
+ Stimulation of the Immune Response by 
Gone Transfer 
(Garrison Fathman / Cort une / 
Glenn Dranofl/ Malcolm Brenner / 
Marjorie Robert-Gurotf 
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visit the frontiers of science. 


go to a gordon conference! (www.grc.org) 


OSITIONS OPEN POSITIONS OPEN 


and/or ASSOCIATE PROFESSOR of 
HUMAN GENETICS 

‘The Department of Human Genetics at the Uni 
venity of Utah School of Medicine is continuing a 
rhew major expansion, recruiting three new inves 
tigators over the next three years to build upon 
existing strengths in human genetics and develop- 
‘mental biology. 

We are secking outstanding applicants at the level 
of ASSISTANT and/or ASSOCIATE PROFES- 
SOR in the broad ficlds of genetics and functional 
genomics, induding but not limited to human ge- 
netics, genetic approaches to complex discase, pop- 
ulation. genetics, behavioral genetics, regencrative 
medicine, developmental genetics, and animal mods 
‘of human disease and development. Our Depart 
ment has a strong history in human genetics and re 
sources, such as the Utah Population Data Base, that 
are unique in the world, These resources have ereated a 
highly productive and collaborative environment be 
‘nween researchers, fincians, and the community 

Creative scientists with a record of achievement and 


ASSISTANT. 
FACULTY POSITIONS 
Human Molecular Genetics Program, 
Children’s Memorial Research Center 
and Northwestern University 
‘Chicago, Illinois 

Applications are solicited for ASSISTANT 
PROFESSOR level positions in the Human 
Molecular Genetics Program at Children’s Me- 
moral Resesarch Center (CMRC), We scck 
PhD. and M.D./Ph.D. candidates with out- 
standing graduate and postdoctoral trainin 
very strong publication record, the potential to 
attract external funding, and a commitment to 
develop an interactive research program. New 
Iaboratory space and state-of-the-art equipment 
are in place. Startup packages will be generous 


Science Careers 


Classified Advertising 


and successfl applicants will be eligible for 
tenure-track faculty positions in the Depart 
ment of Pediatrics, Feinberg School of Medi 
cine, Northwestern University. Candidates with 


research interests in all areas of human genetics 
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commitment to excellence in both research and teach- | | Wil be considered, including human ‘genetic 
Frome on Mars rn Linluding human 
{oitesteness are encouraged to apply. Successful candidates | | ease and monks thereof, gene struct and 
il receive a substantial startup package and enjoya | | function, regulation of gene expression, chro- 
For full advertising detail, go 10 stimulating and supportive rescarch environment. ‘matin structure and modification, and bioinfor- 
‘wwevaclencecareee.on an cick 09 Applicants should submit curriculum vitae, a sum: ‘matic approaches to human genome analysis, 
Bratton ool oer oust mary of esearch plan, relevant repaints andor pre Phos sacl cocmnnr pie eects 
‘ prints, and tive lars of teerence eee eee 
United States & Canada Dr. Mario R. Capecchi fercnecs, and PDF fies of mas: rlevant. pub 


Co-Chair, Department of Human Genetics 
Howard Hughes Medical Institute 
University of Utah School of Medicine 
15 North 2030 East, Room 2130 
Salt Lake City, UT 84112-5330 


of, Chris Pomeroy, Human 
Molecular Genetics Children's Me- 
morial Research Center, 2430 N, Halsted 
Street, Chicago, IL 60614 U.S.A. E-mail: 
‘e-pomeroy@northwestern.edu. 


sdvertise@sclencecareers.org 
Fax: 202-289-6742 

IAN KING Recruitment Sales Manager 
Phone: 202:326-6528 


AuusoW MMLAR Application materiale indoding loners of wter- | | Review of applications will continue uni 
Indsty-US 8 Canada coce should bc submited by Nosemiver 9.2007, | | postions are id 

Phone: 202-326-6572 The Univesity of Utah isan Espual Opportity Alina ‘Nerduresem University is an Afinnative Action? 
‘ALEX FLEMING tive Action Employer, enconnages nominations and fppluaons | | Eps! Opportunity Enplyer Hing ts contingent yp 
fortes Aase fie con Empl nes emia en seus | YT he Led Se Wi an 
Prone 202 S26 S578 So ror mi re meme veer | | Say said x er roma 0 a 
aunts 


Southeast Academic 
Phone: 202-326-6577 


DARYL ANDERSON 
IMidwest/Canada Academic DIRECTOR of BASIC SCIENCE RESEARCH 
Fone: 202:326.6543, ‘Simmons cer Institute 

: FACULTY POSITIONS 
NICHOLAS HONTIBIOZE South enaneaty: ‘The Fred Hutchinson Cancer Recarch Center 
West Academic The SimmonsCooper Cancer Institute (SCL is | he. iy 


: cae, n of Human Biology at. the Pred 
seaming scent, ear tp provide wsion and | nuchinson Cancer Research Centr solisting ap 
uministrative oversight to ie basic sclner research | ition to fil ewo JUNTOR facity postions, We 
rer Pet GaN fee memes com | fee epcialy erent anaes wing enon 
Tiscitte bolding with statc-ofthe-artfacitce | Pte genetic and/or other innovative ppraiches 
Aesctune building with suc-ofthe-art faiies i | To dy the pathogenesis of cancer or other human 

dlseases, Applicants with a particular interest in tans 


pleted within one year. aac * 
"The successfil candidate for this leadership posi- | ational research are encouraged to appl 


Phone: 202:326-6533 


Europe & International 
Email ads@science-int.co.uk 
Fax: +4 (0)1223 326532 
‘TRACY HOLMES Sales Manager 
Phone: +44 (0) 1223 326525 


Foner (0) 1223326527 tion will poses: a Ph.D. and/or MLD., signiteant | yinas, ollaboratne serch at the itera Of 

Leap ‘experience in research, mentoring and ‘administra- ie ale leer ater ee 
‘MESSANDRA SORGENTE tion, and external funding for basic science research | P86. clinical and population sciences in order to 
Prone: +44 (0) 1223 326529 felevant to oncology. Respondbities for this posi. | fUrthet our understanding ofhuman biology, cancer, 
(MARIUM HUDDA tion include participation in the curriculum for SITES TSIM tosie' ex lane Be tasrare aca 
Phone: +44 (0) 1223 326517 tundergraduate medical sudents and in the graduate |, Te Divison occupies state-of-art research lab 
LOUISE MOORE program for molecular biology, microbiology, and la npus 


fers outstanding shared resources, including DNA 
array, imaging, and protcomics facilities, The Center 
has active training programs for graduate students 
and postdoctoral fellows and offers exceptional op- 


biochemistry. The appointment will be a tenure: 
track position at the level of ASSOCIATE /FULL 
PROFESSOR in an appropriate academic depart 
‘ment, with a cross appointment to the institute, Fund. 


Phone: +44 (0) 1223 326528 


Japan 


JASON HANNAFORD , portunities for scientific interactions with other in- 
Phone: +81 (0) 52-757-5360 ing for this position is provided by the Southem | \ecsicacors in the Seattle arca, 
Email: jannaford@sciencemagip. eye Se Additional information about the Division can be 


Applicants should submit a letter of interest, cur 
riculum vitae with a history of extemal funding, a 
description of research accomplishments and plan 

and the names and contact information for three 


Fax: +81 (0) 52-757-5361 


ind at website: http://www.fherc.org/science/ 


‘asics ta Scence 
Ins Canada al 202326647 oF 1.800.731-4039 
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professional references to: 
Mr. Garrison C. Veicht 
nama 


P.O. Box 19677 
Springfield, IL 62794-9677 


and minorities are encouraged 19 apply. 


1416 


Administrator, SimmonsCooper Cancer Institute 
at Southern Illinois University 


This position has been designated scwrity-sensitive and em 
ployment is contingent upon the results of ciminal background 
Inveattion. SIU a Egual Opporamity Enpleye. Women 


cise statement of rescarch plans, and three letters of 
reference to: Human Biology Faculty Search Com- 
mittee, Fred Hutchinson Cancer Research Center, 
Division of Human Biology, Mailstop: C3-168, 
1100 Fairview Avenue North, P.O. Box 19024, 
Seattle, WA 98109-1024. The application deadline 
is October 31, 2007. 

The Fred Hutchinson Cancer Resear Center is an Equal 
Opportunity Employer committed 10 work fone diversity. Ap- 
plains fom female and minority candidates ae stromly 
‘encouraged 
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I a AUSTRIA 


Institute of Science and Technology 


The Institute of Science and Technology Austria 


Is searching for its first 


PRESIDENT 


1.S.T. Austria (www.ist-austria.ac.at) is a new Institute located near Vienna, dedicated to 
high quality basic research. It is open to all fields of the Natural Sciences and is entitled 
to award its own independent Ph.D. Degrees. 


The Institute was established by the Austrian Government, based on a law passed by Parliament 
in 2006. Its funding is substantial, allowing for an approximate size of 600 employees and graduate 
students at the end of ten years, with significant allocations for construction, equipment and 
maintenance. It aims at an international mix of scientists and will choose its top researchers on 
the basis of their individual excellence, their scientific leadership and their potential contribution 
to a comprehensive research effort. 


|.S.T. Austria will include a Graduate School, training scientists for the Ph.D. degree and hosting 
a significant number of postdoctoral fellows. While the emphasis is on basic research, applicable 
by-products will be exploited by licences to Industry. A nearby industrial park is being planned. 
The Board of Trustees (listed at www.ist-austria.ac.at) includes renowned international scientists 
and leaders of the Austrian private sector, with no political or government representatives. 


The President will be the Chief Executive of |.S.T. Austria, elected by the Board of Trustees for a 
four year term, renewable for additional periods. Compensation will be competitive with major 
Research Institutes and Universities in Europe. The starting date of the appointment is negotiable. 


The President may be of any nationality and any field of research. He or she mustbe an outstanding 
scientist with leadership qualities, both as a researcher and especially as a builder and organizer 
of scientific institutions. |.S.T. Austria welcomes both candidates in the prime of their scientific 
career, responding to the challenge of building an outstanding new Institute, as well as experienced 
leading scientists, who have already successfully led and built such Institutions. 


Confidential applications and nominations may be sent to any member of the Board of Trustees, 
or to president.search @ist-austria.ac.at. Applications must include CV, list of publications 
and a description of experience and scientific interests. Nominations should include an appraisal 
of the achievements and leadership qualifications of the nominee. 


Science Careers 


FEATURED EMPLOYER 


HUMAN GENETICIST 
Tenure-Track/Tenure Position 


The newly formed intramural Laboratory of Translational Genomics (LTG) in the Division of Cancer Epidemiology and Genetics (DCEG), National Cancer 
Institute (NCI), National Institutes of Health (NIH), Department of Health and Human Services (DHHS), is recruiting two tenure-track/tenured investigators 
The mission of the LTG is to investigate the genetic basis of strong association signals identified by candidate gene approaches, linkage analyses in high-risk 
families, or genome-wide association studies (GWAS), particularly loci identified by the ongoing Cancer Genetic Markers of Susceptibility (CGEMS) program 
involving GWAS of several major cancers. Investigators in the LTG are expected to develop an independent research portfolio in cancer genomics focused on (1) 
fine mapping and re-sequencing of loci relevant to cancer susceptibility and/or outcomes, (2) investigation into the causal gene variants that provide biological 
plausibility for each locus, and (3) bioinformatic analyses of publicly available datasets derived from germline annotation of genetic variation and somatic altera- 
tions in cancers. Each investigator is expected to leverage the NCI resources in molecular epidemiology, high-throughput genotyping and whole genome scans, 
biostatistics and bioinformatics, as well asin basic and clinieal sciences. The incumbent will receive research Support for developing a state-of-the-art genomics 
laboratory, and recruiting two post-doctoral fellows/bioinformaticians and a technician, 


Applicants must have an M.D. and/or Ph.D, in a relevant field, extensive post-doctoral experience, and a record of publications demonstrating potential for 
creative independent research in human cancer genetics. Facility with bioinformatics databases and high dimensional data are highly desirable along with strong 
communication skills. Interested individuals should send a cover letter, curriculum vitae and a brief summary of rescarch accomplishments and goals, along Wit 
copies of three to five publications or preprint, and three letters of reference to: 

Ms. Judy Schwadron, Division of Cancer Epidemiology and Genetics, National Cancer Institute, 6120 Executive Blvd, EPS/8073, Bethesda, MD 
20892, 

Recommendations can be included with the package or sent directly by the recommender to Ms, Schwadron, Candidates should submit applications by October 
15, 2007; at this time, the committee will begin to look at suitable candidates. However, the search will continue until qualified scientists are found, Additional 
information about staff and ongoing research in the NCI Division of Cancer Epidemiology and Genetics is available at httpi/www.dceg.cancergov. Please 
contact Dr. Stephen Chanock (phone 301-435-7559 at chanocks@ mail.nib.gov) or Dr, Peggy Tucker (phone 301-496-8031 at tuckerp@mail.nih.gov) for 
questions about the position(s): 


‘7 Tenure-Track Investigator Position in the Laboratory of Immunology 


‘The Laboratory of Immunology (LI), Division of Intramural Research, National Institute of Allergy and lnfectious Diseases, National Institutes of Health invites applications for a 
tenure-track investigator postion in immunology. Applicants should have a PhD., M.D., or equivalent degree; an outstanding record of postdoctoral accomplishment; and an interest 
in any area of biomedical research related to immunology. 


Specifically, we seek a highly creative individual who wil establish an independent, forward-looking, world class research program that takes full advantage ofthe special opportu 
nity afforded by the stable, long-term funding of the Intramural Research Program at NIH. Shethe should be interested in developing and applying novel approaches tothe study of 
problems of major biological and /or medical importance, which could include a major clinical research effort. There are ample opportunities to participate in trans-NIH initiatives, 
involving technology development, translational investigation, and multidisciplinary science. 


Generous ongoing support for salary technical personnel, postdoctoral fellows, equipment, and research supplies will be provides, Available cores or collaborative facilites include 
flow cytometry, advanced optical imaging, microarray generation and analysis, computational biology, production of transgenic and genc- manipulated mice, chemical genomics 
and support for projects involving RNAi screening. In addition to an outstatding international postdoctoral community a superior pool of graduate and undergraduate students is 
available to the successful applicant, 


NIAID‘s Laboratory of immunology has a distinguished history of accomplishment in immunology. We strongly encourage outstanding early career investigators who can continue 
and enhance this record of achievement to apply. Current Lt principal investigators are Ronald Germain, Michael Lenardo, Rose Mage, David Margulies, William Paul, Ethan 
Shevach and Tsan Xiao, 


Application Process: To apply, e-mail your CV, bibliography, and an outline of a proposed research program (no more than two pages) to Ms, Wanda Jackson at jacksonwa(@ 
niaid.nih.gov or mail to Ms. Wanda Jackson, 10 Center Drive MSC 1356, Building 10, Rm. 44-26, Bethesda, Maryland 20892-1356. E-mail is preferred, 


Reference Letters: Thre letters of recommendation must be sent directly from the referees to Ms. Wanda Jackson via ¢-mail or U.S, mail Please refer to Ad #016 on all com 
‘munications, Further information about this position may be obtained by contacting Dr. William Paul (301 496-5046; wpaul@niaid.nih.gov). Applications must be received by 
October 19, 2007. 


A full package of benefits (including retirement, health, life and long term care insurance, 401-k plan) is available. Women and minorities are especially encouraged to apply. U.S. 
citizenship is not required. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


Staff Scientist in Structural Biology 


Research Triangle Park, North Carolina 


The Laboratory of Structural Bslogy at the Nationa Intute of Environmental Heath 
Sciences is ecruting a staf cient in support ofthe Macromalecular Structure Group 
headed by Dr. racial. The recritwillbe responsblefor assisting with oversight 
structural and biochemical eta by the group. In particular, the incumbent wiocus 
efforts on long-term projects aiming to determine structures of large macromolecular 
‘complexes involved in post-transcniptional gene regulation and to create and use 
designed RNA-binding proteins. The successtl candidate i expected to work wth 
minimal quidance, personaly execute experiments, cary the reserchto pubishabe 
stages, and work on these and ther projects s defined bythe group leader, Dr. Hall. 


Minimum qualifications include a doctoral degree, successtul completion of postdoctoral 
training, strong publication record and experience in Xray crystallography biochemistry 
and molecular biology, emphasing exprence wth protein expression and puiication, 
macromolecular crystal structure determination and quantaive biochemical analyses of 


macromolecular complexes. Famiiarity with mechanisms of post ransrigtioal ene regus- 


ton and background in structural and functional studies of RNA-binding proteins is desirable 


For additional intrmation on the postion or research emphasis, contact De Traci Hal t 
49-54-1017 or haltiehs ni gv, For deals regarting on-going projects inthe laboratory, 
fHease visit webstehnp/wwnunihs ni gov/esearch/atniehsfabsfshs/ndex cm, 
Aapeatis fon wonen an oorts a pricy mage: Say le 
‘commensurate with experience. To apph, submit ¢ curncuum vitae, bibliography, briet 
statement of research experience and interests and arangefor thee leer of 
‘recommendation ta be sent by October, 207 tothe alowing address 
Applications received ater that date wil be considered as needed 
Ms, Cady Garrard (ROTO) 
"NIEHS Drision of ntramurel Research 
Box 1233, Mairop A206, 
111 Alexander Driv, Room A204 
Research Tange Park, NC 27708 
‘mai dirappls@niehs nih gov 


ee 
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Earn an excellent stipend and benefits 


Ss Post Doctoral Fellowship 
Development of Novel Gene Regulatory Mechanisms 
for AAV Gene Therapeutics 


Our laboratory is focused on the development of ade 
Virus-based 
as retinitis pigmentosa and macular degeneration, The clinical develop- 
‘ment of promising drugs of this type is severely hampered by the lack of 
swvitch technology that could be used to modulate gene expr 
shut it off in the case of an adverse event, We are looking fo 
ictic Post Doctoral Fellow to work with an interdisciplinary 
am focused on the development and refinement of novel switch tech- 
LLuse. We are currently interested in small molecule 
in expression at all levels (transcriptio 
scriptional, translational) and. post- onal regulation of protein 
activity. The successful candidate will h appropriate background 
in regulation of gene/protein expression or in protein engineering and 
design, Experience with RNA-based switch mechanisms is parti 
desirable, Most importantly, the candidate must demonstrate the 
to integrate ideas and to innovate successfully 


therapeutics for the treatment of ocular disea 


Benefits include health inst ee for the trainee and his/her fa 
‘uavel to. one meeting cach Inaddition, the NIH Fellows C¢ 
‘and the Officeof Intramural Trainingand Education sponso 
of career development and social activities, Applic 
to: Dr. Peter Colosi, National E 

MD 20852 or 


ins should be se 
Lane, Room 


: Postdoctoral Research 
Training at NIH 


Launch a career to improve human health 


Work in one of 1250 of the most innovative and well- 
equipped biomedical research laboratories in the world 


Explore new options in interdisciplinary and 
bench-to-bedside research 


Click on www.training.nih.gov 


Office of Intramural Training and Education 
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t FAS Center 
2 for Systems Biology 


Harvard University 
FAS Center for Systems Biology 
Faculty Positions 


The Faculty of Arts and Sciences (FAS) at Harvard University is creating a Center to bring together 
scientists involved in research on systems biology, broadly defined as the study of how complex 
properties arise in biological systems from the interactions of component parts. We are particularly 
interested in candidates from the field of computational biology and theory but will also consider 
applications in the fields of the emergent properties of biological systems, bioengineering and technol- 


ogy development for biology. The FAS Center for Systems Biology (Ittp://sysbio.harvard.edu/esb) 
will foster interactions across disciplinary boundaries, with faculty from a spectrum of academic 
departments and the Bauer Fellows housed in common research space. This effort will work in close 
collaboration with the Department of Systems Biology at Harvard Medical School to build acampus- 


wide community of faculty, postdoctoral fellows, and students working on systems bio 


We expect to make as many as ten new appointments over the next few years. Each new faculty 
member will hold an academic appointment in a participating department, such as Molecular and 
Cellular Biology, Organismic and Evolutionary Biology, Physies, Chemistry and Chemical Biology 
or the Division of Engineering and Applied Sciences (which includes Applied Mathematics and 
‘Computer Science). Appointments in relevant Medical School Departments such as the Department 
of Systems Biology are also possible, Links to other resources at Harvard including the Bauer Core 
Resouree, the Center ems, the Broad Institute, and the Center for Brain Science 
will provide facilities and opportunities for collaborative research and technology development 
We are particularly interested in applications for faculty positions atthe rank of assistant professor 
(Venue track), but will consider exceptional candidates at other ranks. 


Applications are due by December 16, 2007. Please submit a curriculum vitae, research proposal 
(€5 pages), summary of previous research accomplishments (<2 pages), copies of 1-3 publications, 
and 3 letters of recommendation by email to sysbio_search@ Isdiv.harvard.edu. All files must be 
submitted electronically in pdf or Word format 


Applications from, or nominations of, women and minority candidates are encouraged. 
Harvard is an Affirmative Action/Equal Opportunity Employer. 


Faculty Position in Cell Biology 
University of Texas Southwestern 
Medical Center at Dallas 


The Department of Cell Biology at The U 
versity of Texas Southwestern Medical Center 
at Dallas seeks to appoint exceptional scien- 
tists who are experts in the fields of general 
cell biology, live cell imaging, 
electron tomography to the position of Ass 
tant Professor (tenure track), Candidates must 
have a Ph.D. or M.D. and be doing cutting 
edge research at the interface between cell and 
molecular biology in such areas as: organiza 
19 of macromolecular complexes, molecular 
interactions in living cells, spatial organization 
of signal transduction and cellular basis of tissue 
organization. The excellence of the individual 
candidate will take precedence over the area of 
special interest. The su 
join an internationally recognized Cell Biol 
‘ogy faculty at a top rated medical institution 
and receive both a competitive salary and an 
exceptional start-up package, 


on, visit the Cell Biology 
web site at: http:/ww w8.utsouthwestern.edu/ 
utsw/eda/dept2S128/files/34664,html 


Applicants should email their curriculum 
names of three references, and a 
brief description of their research goals to the 
attention of Dr. Richard G. W. Anderson at 
eb.recrultment@utsouthwestern.edu, 


The University of Texas Southwestern Medi- 
eal Center is an Affirmative Action/Equal 
Opportunity Employer: Women and minority 
candidates are encouraged to apply 


| lit I I Massachusetts Institute of Technology 


The Clare Boothe Luce Postdoctoral Fellowships 
for Women in Energy at MIT 

‘The Massachusetts Institute of Technology (MIT) Energy Initiate invites apptcations for The Clare Boothe 
uvco (GBL) Postdoctoral Fatowships fr Women in Energy at MIT. Support from the Henry Luce Foundation 
wil provide two exceptional women with two-year postdoctoral fellowships for ntedsciplnary study focused on 
‘energy topics beginning in the tall of 2008. The selected Fellows will be top scholars from disciplines in which 
women are partcularly underepresented, and which are encompassed by the MIT Energy Intiative (MITE. 
This is an opportunity for CBL Feliows to be part of a flagship initiative launched by MIT's President Susan 
Hockfield to address the science, technology, poly, and systems design issues required to meet the gobal 
‘energy challenge. CBL Fellowships wil prove the scholars wih stipends al the highest level of MIT's most 
‘prestigious postdoctoral falowships, and alowances for chidcare where approptale, maving expenses and 
{ravolto conferences. CBL. Fellows wil have the option to teach or serve as leaching assistans for a semester, 
{and lo mentor graduate students and undergraduate students who participate in tacuty research programs. 
‘This optional component of he fellowship program wil prvide CBL Fellows with valuable experience that wil 
aid them in future facut positions. 
Tobe lal fr he CBL Faostps in nary at MIT canis must complete thr PRD no are an 
«tune 2006 and ro later than August 1, 2008, Candidaies must have their PAD and be working in afd 
where women are particularly underrepresented. Some specific areas of interest incuude but are not limited to 
electrical engineering and computer science, mechanical engineering, nuclear engineering and physics. 
Candidates must identity an MIT advisor who will support their application. Interested individuals are invited 
to submit a short proposal (3-5 pages) along with a curriculum vitae, letter of recommendation trom the 
prospective MIT faculty advisor, and two additional letters of support from faculty members of the applicant's: 
choc. The proposal should briefly outine the candidate's interisciplinary research interests and career goals 
in he energy field, and indicate the applicants experience and interest in teaching. Please Include the emis, 
SWoet adéresses, and telephone numbers ofthe applicant, MIT advisor and two relerences. Submit appicaton 
‘materials In wing to the attenton of Robin Elces, MIT Energy Iniatve, 77 Massachusetts Avenue, Buiding 
40 Room 465, Cambridge, MA 02139. The compte application, incuing reference ltrs, must be received 
by November 8, 2007 to receve full consideration. Announcement of he selected Fellows is planned for 
December, 2007. Additonal information is avalabe at web.mit.edu/mitl 


http://web.mit.edu 


ASSISTANT PROFESSOR 
DEPARTMENT OF 
NEUROBIOLOGY AND BEHAVIOR 
UNIVERSITY OF CALIFORNIA, 
IRVINE 


tenure-track 
ANT PRO- 
FESSOR. The Department of Neurobiology 
and Behavior engages in interdiscipli 
approaches to the study of neurobiolog: 
with an emphasis on neural plasticity and 
behavior. Current Departmental research 
themes include: (i) mechanisms underlying 
age-related neuro dey 1e disorders, (ii) 
Jearning and memory, (ii) sensory and integra 
tiveneuroscience (including molecular'genetic, 
synaptic and systems levels), (iv) development, 
(¥) neurocomputation, and (vi) the neurobiol- 


‘ogy of substance abuse. Preference will be 
given to applicants whose research integrates 
‘with one oF more of those themes and whose 


approach is at the s 
behaving animals, 


sms level, preferably in 


Please submit by November 1, 2007, cur 
riculum vitae, description of research inter- 
ests, and the names and addresses of three 
potential referees. Please see the URL: http: 
Ujobs.bio.uci.cdu/showopenjobs_tenure.ctm 
for application instructions under “Deparin 

of Neurobiology and Behavior 


The University of California, Irvine isan 
Equal Opportunity Employer committed to 
excellence through diversity and strongly 
encourages applications from all qualified 
applicants, including women and minorities 


The European Molecular Biology Laboratory is searching for Group Leaders. 
EMBL offers a highly collaborative, uniquely international culture. 
interdisciplinary research by promoting a vibrant environment 


top quality, 
consisting of young, ind 
students and postdoctoral fellows, EMBL is an inclusive on 
and provides excellent social benefits and child care facilites. 


EMBL 


t fosters 


int researchers with access to outstanding graduate 


sation 


Research Group Leader Opportunities 


EMBL —- EUROPEAN BIOINFORMATICS 


INSTITUTE (EB!), HINXTON, UK 

Ref. no. 07/121/EBI 

The EMBL-EBI, located near Cambridge, UK on the 
Welcome Trust Genome Campus, is a global centre for 
molecular biology data, hosting the very large sequence, 
structure and expression data resources in Europe as well 
as seven research groups. We are seeking a dynamic 
computational biologist, with a proven track record, to 
establish a new research group to complement our 
current programme. At the EBI, research is pursued in 
many different aspects of biology, exploiting and helping 
to interpret the biological data held in the databases. 
Currently research topics include sequence analysis, 
computational genomics, phylogeny, structural biology, 
regulatory control networks, functional genomics, 
neurobiology and |iterature/text mining. In addition, 
research activities are an important part of several of the 
large data resource teams, which also provide services. 
We are keen to expand our research into the areas of 
‘comparative genomics and large scale sequence analysis, 
chemo-informatics and population genetics, but will favour 
outstanding candidates from any area of computational 
biology. The candidate will join a strong and supportive 
group of young research group leaders and will interact 
closely with the large database teams, benefiting from 
their technical expertise and scientific knowledge. 
EMBL-EB! provides an excellent research environment 
including computational facilities and support. 


EMBL HEIDELBERG, GERMANY 


STRUCTURAL AND COMPUTATIONAL BIOLOGY 
Ref. no. 07/122/SCB 

The unit combines the use of different structure 
determination techniques (X-ray, NMR, cryo-EM, EM 
tomography) with concepts from computational and 
chemical biology to provide detailed spatial and temporal 
descriptions of various biological systems across different 
scales of resolution (from molecules to cells). The unit 
seeks to recruit a candidate in the area of biochemistry, 
systems biology or chemical biology. The successful 
candidate will be integrated into the collaborative network 


of EMBL groups and should pursue experimental 
approaches complementary to those existing in the SCB 
unit. Example research areas include light microscopy 
and fluorescence techniques for in vitro and in vivo 
characterisation of macromolecular assemblies, protein 
or small molecule interaction mapping, labelling 
technologies, dynamics of molecular machines or 
metabolome research. 


DEVELOPMENTAL BIOLOGY 

Ref. no. 07/123/0B 

The unit studies the development of multicellular 
‘organisms, from the cellular to the whole organism level, 
combining genetic, cell-biological, biochemical, genomic/ 
proteomic, computational and live-imaging approaches. 
Current research topics include cell fate specification 
and polarity, morphogenesis and organogenesis, 
neurodevelopment, evolution, gene regulatory networks. 
and comparative and functional genomics. We are 
seeking outstanding candidates addressing fundamental 
questions in developmental biology that complement our 
existing strengths. 


GENE EXPRESSION ~ PROTEOMICS 

Ref. no. 07/124/GE 

EMBL plans to expand its activities in proteomics and 
biological mass spectrometry by recruiting an outstanding 
candidate in this area. EMBL has a strong tradition in 
Proteomics and many research groups that apply mass 
‘spectrometry to cutting edge biological questions, 
including metabolite-protein interactions across the 
proteome (Anne-Claude Gavin), bacterial proteomics 
(EMBL Hamburg and Structural and Computational 
Biology Units) and eukaryotic organelle proteomics (Lars 
Steinmetz). EMBL also has an excellent proteomic core 
facility that provides routine mass spectrometry service 
to biological research groups. We therefore particularly 
‘encourage candidates that develop new technologies in 
mass spectrometry with applications in biology, for 
example posttransiational protein modifications, 
‘quantitative analysis of macromolecular complexes, 
quantitative or dynamic proteomics. We also welcome 
candidates with demonstrated excellence in other areas 
of biological proteomics. 


To apply, please email a CV, three references and a concise description of research interests and future plans, quoting 
the corresponding ref. no. in the subject line, to: application@embl.de by October 28th, 2007. 


For further details please vist WWW.embIl.org 
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Department of Biology and Biochemistry 


Quayle Chair of Biosciences Ref: 07H264A 


Candidates for this senior established Chair should have a track record of world-leading 
research and the potential to sustain this at Bath. The appointment package will include two 
additional junior appointments to be made in an area chosen by the person appointed. 

‘The appointment will be made in an area of existing Departmental research strength 

(see http://www.bath.ac.uk/bio-sci/index.htm) with the person appointed expected to 
establish and sustain an independent, world-leading and rigorous externally funded 
research programme. 


Chair in Regenerative Medicine Ref: 07H265A 


‘This new Chair has been established to strengthen the Department's research activity in areas 
of regenerative medicine including tissue engineering, stem cell biology, and organogenesis. 
Candidates should have a successful track record of independent research and the potential 
to lead and sustain a rigorous externally funded research programme at Bath The person 
appointed will contribute to teaching in undergraduate and postgraduate degree programmes. 
Tho Department achieved RAE Grade 5 and is very well equipped for molecular life 
science research. Facilities include a new tissue engineering laboratory, new transgenic 
rooms, aquaria, and insectaries. 

Informal enquiries for both posts may be made to the Head of Department, Or Richard Hooley 
(omail ra hooley@bath.ac.uk). 

Salary level will be by negotiation. 


Closing date for applications: 4 October 2007, 
Further details of the posts can be found at www.bath.ac.uk/jobs or from the Department 
of Human Resources, University of Bath, Claverton Down, Bath BA2 7AY, email jobs@tath.2c.uk 


FACULTY 
POSITION 
EVOLUTIONARY 
ECOLOGY 


The Department of Biological Sciences 
at Vanderbilt University seeks candidates 
to fill an assistant professor, tenure-track 
faculty position in Evolutionary Ecolog, 
We are especially interested in candidates 
with research programs that complement 
existing strengths in the department (bttp: 
//sitemason.vanderbilt.edw/biosei). Pos 
doctoral or faculty experience is preferred, 
‘Central criteria for this position are excel- 
lence in research and the ability to teach 
undergraduate and graduate students with a 
high level of effectiveness, 


Applicants should send a letter of application 
ther with a curriculum vitae, a stateme! 

of current and future 

selected reprints, and contact information 


rch interests, 


cs to: Evolutionary 

Search Committee, Department of 
Biological Sciences, Vanderbilt University, 
VU Station B 351634, Nashville, TN 37235- 
1634 US.A. Review of applicants will beg 
November 1, 2007, and will continue until 
the position has been filled 


Vanderbilt University is an Affirmative 


tol 01225 386026 or the 24-hour answerphone service on 01226 386924 quoting reference 


given above, 


y.bath.a 


Action/Equal Opportunity Employer 
Women and minority candidates are 
encouraged 10 appl 


NUTRITION 
RESEARCH 
INSTITUTE 


The Nutrition Research Institute (NRI) and the Department of Nutri~ 
tion in the School of Public Health at the University of North Carolina 
at Chapel Hill are jointly recruit 
track positions to be located in Kannapolis, NC (near Charlotte 


for the following tenured or tenure 


+ Aworld-class research leader for the Nutrition and Obesity/Eating 
Disorders team of 4 to $ faculty members. 


+ Aworld-class research leader for the Nutrition and Cancer team of 
410 5 faculty members. 


faculty members to be part of the Nutrition and Brain Develop- 
esearch team. 


culty members with methods expertise: metabolomics (1), 
yomics (1) and nutrient intake assessment (1) who will be 
part of all 3 research teams, 


We offer: A world mies and 
metabolomics as they apply to human nutrition + Hard money support 
for researchers * Excellent start-up packages + Brand new labs and office 
space * Capacity to do human and mouse research * Major investment 
in state-of-the-art instrumentation and equipment in metabolomics and 
nutrigenomics * Outstanding intellectual environment on campus with 
programs from 


ss facility focusing on nutrig 


For more information about the NRI or to apply, visit our website: 
wowunenri.org 


We strongly encourage applications from women, minorities 
and individuals with disabilities. The University of North Carolina 
at Chapel Hill is an Equal Opportunity Employer 


Max Planck Institute 
for Demographic Research 


seeks upto 10 Ph.D. Post-Doc and Research Scientists to pursue 


Theoretical Evolutionary Demography 
across the Tree of Life 


+= The length of life is long for some species and short for others. What 
underlying processes gover lifespan? 

+ Some species suffer senescence after reproductive maturity whe: 
reas others enjoy extended periods of constant or decreasing mor 
tality and constant or increasing fertility. What fundamental dyna- 
mics explain mortality and fertility trajectories? 

* Species differ in body size, growth rates, age at frst reproduction, 
number and size of offspring, parental care and sociality. What 
general principles produce this diversity? 

Exploiting phylogenetic knowledge about coalescence times and the 
characteristics of species across the tree of life, the EvoDemo group 
wil use mathematical methods, biological theory, and demographic 
and economic concepts to develop unifying frameworks and discover 
deep connections by focusing on these basic questions. The group will 
pursue interdisciplinary research atthe intersection of 


mathematical modeling and optimization, demography, 
phylogenetics, comparative biology, life history theory, 
and evolutionary ecology. 


‘The Max Planck Society is committed to employing handicapped indivi- 
duals. The Society wishes to increase the share of women researchers. 


To learn more or to apply, see 
weww.demogrmpg.de/go/evodemojobs 


We invite applications from biochemists, 
biologists, chemists, computer scientists, 
engineers, mathematicians, neurobiologists, 
and physicists who are passionate in their 
pursuit of important problems in basic 
scientific and technical research. Positions 
are available for group leaders and fellows. 


Group leaders 

Application deadline: December 17, 2007 
Group leaders are independent scientists, similar 
to HHML investigators, with labs of up to six 
additional members. The initial appointment is 
for six years. Thereafter, group leaders will be 
reviewed for reappointment every five years. 


Fellows 

Application deadlines: January 15, 2008, and 

July 15, 2008 
Fellows are independent scientists with labs of 
up to wo additional members. Appointments 
are for five years. 


HHMI 
Janelia farm 


research campus 


The Janelia Farm Research Campus of the Howard 
Hughes Medical Institute pursues challenging basic 
biomedical problems for which furure progress requires 
technological innovation. 

Janelia Farm focuses on two research areas: the 
identification of general principles that govern how 
information is processed by neuronal circuits, using 
genetic model systems in conjunction with imaging, 
clectrophysiological, and computational methods; 
and the development of imaging technologies and 
computational methods for image analysis, 

Janclia Farm is now home to a growing and 
multidisciplinary community of 22 research groups, 
supported by outstanding shared resources within a 
unique campus less than an hour from Washington, 
D.C. We value research collaboration between groups. 
asa mechanism to enable long-range innovative science 
and encourage the self-assembly of interdisciplinary 
teams of scientists. We welcome coordinated 
applications from groups of individuals, Applications 
from individuals at all career stages are invited. 

Alll laboratories are internally funded, without 
extramural grants. Lab heads have no formal teaching 
duties and minimal administrative responsibilities. 
‘They are expected to engage in the direct conduct 
of research and in intellectual interaction with their 
colleagues. Individual research groups are limited in size, 
comprising postdoctoral associates, graduate students, 
and technicians. Janclia Farm hosts conferences, and 
group leaders are encouraged to organize meetings in 
their areas of interest. 

Janclia Farm offers a supportive working 
environment with on-site child care, fitness center, 
and dining facilities on a 689-acre campus along the 
Potomac River in Northern Virginia, 


For more information and to submit an application: 


www.hhmi.org/refijanelia/sci 


“The Howard Hughes Medical Institute & an equal opportunity employer. 


Science Careers 


Science Careers 


The School of Biology 
az seeks truly ousianding junior and senior level ti 

Georgia | College of wronpiemen gowing svenghsinsysems and ine 
Tech || Sciences _ gative biology thip-iwww.biology-gatech.edu). The 
Georgia Instue of Technology is corsienty ranked 
as one of the top educational/research institutions in 
the nation, The Schoo of Biology has experienced dramatic expansion in recent years and Georgia Tech 
is commited othe continued growth and integration of the biological sciences with existing and emer. 

ing strengths in quantitative/computational sciences, nanotechnology, nanobiology and engineering. 


Experimental Systems Biology: We are searching for individuals at all ranks with out- 
standing records of research accomplishments, We are particularly interested in identifying individuals 
taking a systems approach to the analysis of development who can leverage existing/emerging strengths 
in the areas of computational/quantiative biology, structural biology, genomics, transcriptomics, pro- 
teomis and metabolomics. Contact: Professor and Chair John McDonald. 


Computational Biology: we are interested in both senior and junior level investigators 
who employ computational and quantitative approaches to the analysis of integrated biological systems 
across multiple levels f scale. Specific research areas include the analysis of cellular networks, such as 
{gene regulatory networks and biochemical pathways, the integration of heterogeneous sources of bio- 
Fogical data, the study of genome variation within and between species, evolutionary dynamics and the 
‘many seale computational madeling of biological systems. Contact: Associate Professor I. King Jordan. 


Environmental Microbiology: We are searching for an environmental microbiologist as 
part ofthe expansion in microbial systems biology. While itis anticipated thatthe position will be filled 
atthe junior level, exceptionally qualified individuals at any rank are invited to apply. Areas of research 
focus may include metabolomics, proteomics metagenomics and synthetic biology. Contact: Associate 
Professor Patricia Sobecky. 


Candidates should forward a letter of application, a full curriculum vitae and the contact 
information for four references to the indicated contact individuals. 


School of Biology 
Georgia Institute of Technology 
310 Ferst Drive 
Atlanta, GA 30332 


‘Georgia Tech sa unit ofthe Universty System of 
‘Georpia and an Aliemative Action/Equal Opportunity 
Employer and requires complance with Immigration 
‘Control Reform Act of 1986, 
Review of Applications will begin 

‘October 1, 2007 


ORGANIC CHEMISTRY 
UNIVERSITY OF CALIFORNIA 
AT SANTA BARBARA 


The Department of Chemistry and Biochem- 
istry at UC Santa Barbara invites applications 
for faculty positions in organic chemistry. 
Applicants at the Assistant Professor level 
are especially encouraged to apply within 
all areas of organic chemistry, including but 
not limited to bioorganie chemistry, organi 
materials, organic methods, organic synthi 
sis, physical organic chemistry and chemic 
biology. A Ph.D. is required at the time of 
appointment. The selected candidates are 
expected to establish a vigorous well-funded 
rescarch program and to teach inthe graduate 
and undergraduate levels. 


Applicants should ensure that a curriculum 
Vitae, a summary of research plans, a state~ 
‘ment of teaching philosophy, and three letters 
oof recommendation are sent to the Onganic 
Professor Search Committee as PDF attach- 
‘ments to tops@ chem.wesb edu, Only appli- 
cations submitted via email by November 1, 
2007 will be reviewed. However, the search 
will continue until at east two positions are 
filled. Appointments can become effectiv 
early as July 1, 2008. 


UCSB is an Equal Opportunity/Affirmative 
Action Employer and the Department is 
‘especially interested in candidates who 

can contribute to the diversity and excel- 
ence of the academic community through 
research, teaching and service 


Tenure-track Faculty Position in Biogeoscience 
University of Minnesota 
Department of Geology and Geophysics 

The Department of Geology and Geophysics at the University of Minnesota-Twin Cities invites appli- 
cations for a tenure-track faculty position in biogcoscience. Potential research areas include: microbe’ 
rincral interactions: microbe groundwater interactions; microbial evolution and biochemistry: the role 
of organisms in geological processes: organic geochemistry and palcocnvitonments: biogeochemical 
cycling; origin and early evolution of lie on Earth; analytical paleobiology: and astrobiology. We would 
bie especially interestedin candidates whose work would complement and extend our current strengths in 
sable-sotope palcoecology, paleoclimatology, hmnogeology, environmental magnetism, low-temperature 
geochemistry, geofluids and environmental geology, marine geochemical modeling and hydrothermal 
Vents, surface-lthosphere interactions, and Earth-surface dynamics. We are open to applicants whose 
training is outside the Earth sciences, but the candidate would be expected to concentrate on Earth sei- 
ences problems it hired. The successful candidate is expected to initiate and maintain a strong externally 
funded research prograt 

inchell School of Earth Sciences includes the Limnological Research Center; three 
NSF-funded research centers: the National Lacustrine Core Repository. the National Center for 
Earth-surface Dynamics, and the Institute for Rock Magnetism; the Minnesota Geological Survey; 
and excellent laboratories in geochemistry and experimental mincral physics and petrology. Other 
resources include the St Anthony Falls Laboratory (www.safLuma.edy 
Facility (www.charfac.umn.edu), Supercomputer Institute (www.msia 


ary organization for Minnesota Nanotechnology Initiatives (www.nano.um 
for Renewable Energy and the Environment (www.tmn.edwiree/). Further information concem- 
ing the Department, its faculty and their research programs can be obtained at www.geo.umn.cdu. 


The department encourages and rewards innovative research and excellence in teaching. Teaching duties 
reflect the expertise ofthe candidate and include both undergraduate and graduate levels. Appointment will 
most likely be atthe rank of assistant professor and could begin as early as August 2008. A Ph.D. degree 
must be eared by the time of the appointment. The review of completed applications will begin October 
15, 2007 and continue until an appointment is made. Complete applications, which may be on paper or 
electronic, must include (1) curriculum vitae, (2) complete lst of publications, (3) statement of research 
interest, (4) statement of teaching interests, and (5) names, addresses and e-mail addresses f at least four 
references All candidates must complete an online application via the University of Minnesota employment 
system at: https:/employment.umn.edu (requisition number 150214). Application materials may be sent 
to: Chris Puola, Biogeoscience Search Committee Chair, Department of Geology and Geophysics, 
University of Minnesota, 310 Pillsbury Dr. S.E., Minneapolis, MN $5455 USA; cpaola@umn.edu, 


The University of Minnesota is an Equal Opportunity Educator and Employer 


Faculty Po: 
Medicinal Chemistry 


Maicinal Chemistry, School 
dates 
to apply for a tenure-track position at the 
Assistant or Associate Professor level available 
immediately. Preference will be given to those 
‘with research programs in any area of medic 
chemistry. The most successful candidate will 
fave a funded program and publications in an 
complementary to departmental interests 
‘Also prefered iv experience. In clasroom 
teaching of medicinal chemistry at the 
professional and graduate levels, 


The position will remain open until filled, and 
applications must include a detailed 
curriculum. vitae, a description of research 
achievements, a statement of future research 
objectives, funding history, and the names 
{and contact information) of four references, 


Applications should be submitted to Dr, Glen 
E. Kellogg, Search Committee Chair, 
Department of Medicinal Chemistry, School 
of Pharmacy, Box 980540, VCU, Richmond, 
‘VA 23298, Enuil: glen.kelloge@veu.edu, 
Virginia Commonwealth University isan Equal 
Opportunity. Affirmative Action Employer. Women, 
minorities an persons with disabilities are 
‘encouraged to appl 


FORSCHUNGSZENTRUM 


Unternehmen GroBforschung 


Grundlagen fir morgen 


By means of a joint appointment process with the Christian Albrechts University of Kiel (Faculty of Mathematics and 
Natural Sciences), GKSS-Forschungszentrum Geesthacht GmbH is seeking to fill the position of 


Head 


of the department of 
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Structural Research of New Materials at the 
Institute of Materials Research 


The place of work is in Geesthacht 


Associated with the position is a 


Professorship (on the basis of grade W2) 
for Structural Research of Materials 
at the Christian Albrechts University of Kiel. 


The Institute of Materials Research develops lightweight materials on the basis of titanium aluminidés and magnesium 
and creates evaluation methods for fracture and damage mechanics as well as joining technologies for materials and 
components, The individual appointed to the position should intensify the activities in the area of materials characterisa- 
tion with neutrons and synchrotron radiation. Applicants should show strong commitment to research and teaching and 
be internationally recognised experts in the field of materials research with neutrons and/or synchrotron radiation at 
large-scale facilities, Prospective jobholders are expected to take on a leading role in the innovative enhancement of 
instruments and methods for conducting scattering experiments in materials research. The applicant is also required to 
have leadership skills and be willing to seek external funding. In addition, he or she will have to teach courses in physics 
It is also expected that the future jobholder will actively participate in the collaboration with DESY in Hamburg regarding, 
the use of the synchrotron radiation sources (DORIS III, PETRA Ill and XFEL) as well as with FRM-llin, Munich concerning 
the use of neutrons for materials research 


Applicants should have a habilitation degree or comparable scientific qualifications as well as sufficient teaching experience, 
Please refer to Art. 63 Section 1 of the Higher Education Act of the State of Schleswig-Holstein, Other preconditions 
include excellent skills in performing scientific work and the willingness to cooperate closely with other departments at 
the Institute of Materials Research at GKSS and with the Christian Albrechts University of Kiel. It would moreover be 
advantageous if the applicant is willing to work together with GKSS's Institute of Polymer Research in the /area(of 
structural materials and biomaterials research, and if he or she has worked for several years in an industry-related research 
environment. 


The Christian Albrechts University of Kiel and GKSS-Forschungszentrum Geesthacht GmbH wish to increase the proportion 
of women professors in research and teaching positions, which is why adequately qualified female scientists are particularly 
encouraged to apply. 


The University and GKSS-Forschungszentrum Geesthacht strive to increase the employment Of handicapped people. 
Preference will therefore be given to severely disabled persons with the proper qualifications. 


For additional information, please contact Prof. Andreas Schreyer (andreas schreyer@gkss.de) 


The deadline for applications is October, 30%, 2007. Please submit your applications along with the usual documents 
(C.V., description of your scientific career, copies of your certificates/ degrees, list of publications, copies of three of your 
publications, description of your teaching experience, and a brief overview of your research objectives) in English 
to: Dekan der Mathematisch-Naturwissenschaftlichen Fakultat, Christian-Albrechts-Universitat, 24098 
Kiel, Germany. 
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LAW RE NC E LIVERMORE NATIONAL LABORATO 


LAWRENCE POSTDOCTORAL FELLOWSHIP 


The Lav more National Laboratory (L! 

Folloy m. This is a highly desirable, prestigious postd 
resources and freedom to conduct cutting-edg 
The duration of the Fellowship 's up to three years. Typically two to fot 
each year. Fellowships are awarded only to candida 

a track record of research accomplistim 


Candidates will do original research in one c 
‘and goals of LLNL which include: Physics, App 
aterial Science, Engineering, Environmental Sc 


Lasers and Biology. Successful candidates 
at LLNL, and will have aocess to LL 
facilities and fleld equipment. A senior scientis 

candidates full management and administrative suppd 


may particip 


Please refer to our web page http://fellowship.tinl.gov for eligibility require 


nstuctions on how to apply. When applying and prompted, please 
this ad. The deadline for appication is No 


aifornia for the National Nuclear Security Ad”ministration/Department of 


3! Opportunity Employer with a commitment to workforce diversity 


Lawrence Livermore National Laboratory 


http://fellowship.linl.gov 


foral position 
Na fied of the candidate's choice. 
openings are available 


‘Stanford University 
Molecular/Cell Biologist 
Faculty Position 


The Department of Biological Sciences at 
Stanford University welcomes applicants for 
1 tenure track faculty position at the Assistant 
Professor rank. We scck individuals studying 
basic problems in molecular biology and cell 
biology, at any level from molecules to tissue 
organization, with the goal of providing new 
mechanistic insights. We are particularly inter 
ested in applicants who address these problems 
with innovative approaches such as biological 
imaging, proteomics and metabolomics, and/or 
systems biology. Applicants are expected to 
develop a vigorous research program and to 
participate in both undergraduate, graduate, 
and postdoctoral education and training. For 

formation about the Department consult our 
web page: http://biology.stanford.edw/ 


Applicants are requested to provide a cover 
letter, a curriculum vitae including list of 
publications, a statement of research a 
Plishments and future research pl: 
description of teaching experience, and thr 
letters of recommendation, Applicant materials 
must be received by November 1, 2007, The 
pointment would begin September 1, 2008, 
Interested candidates should apply online at 


poral Wel fe ei AcademicJobsOnline.Org 


Stanford University is an Equal Opportunity 
Employer and is commited to increasing the 
diversity of its faculty. It welcomes nomina- 

tions of and applications from women and 

‘minority groups, as well as others who would 

bring additional dimensions to the university’ 

research, teaching and clinical mission 


INSTITUTE DIRECTOR 
THE INSTITUTE ON THE ENVIRONMENT 


The University of M 


sota invites applications and nomina: 
Lions for the position of founding Director of the University’s new 


Institute on the Environment, This competitive center of excel 


Jence will bring together multidistiplinary research teams to work 


on global environmental issues that have regional significance. The 


nulating 


Director willyexercise Univergityyyride leadershipyin fo 
policies and providing educational programs that engage the 
University in responding to statewide, national and international 


B cnvironmental issugs. Candidates must haye an advanced « 


in a relevant fil a significant record that combines interdis: 


ciplina 


research 4nd_scholarship activity with administrative 


or manageri 
{ulleprSfeRsoRNipeand evidence of professtOHalUietinetion=an a 


expérlences, credentials that warrant a tenured 


international recognition in their field(s). Salary, faculty rank and 


tenure are negotiable based upon qualifications and experience 
For a complete description and application information, please visit: 


Ihttp://academic-umn.edu/provost/interdisc/environment/index html 


UNIVERSITY OF MINNESOTA 


MRC | ccinel 


MRC Laboratory of 
Molecular Biology, Cambridge 


Postdoctoral Fellow 
Starting salary in the region of £24,993 per annum 


The MRC Laboratory of Molecular Biology is a world-amous institution with 
excellent infrastructure, a collegial environment and a strong track-record in 
training postdoctoral felows who have gone on to become leading scientists. 
A posedoctoral fellowship (MRC Career Development Fellowship) is open 
for work on the structure and function of ribosomes using a combination 
of crystallography, electron microscopy and biochemistry. 

You should have a PHD or equivalent with prior experience in at least one 
of the following areas: structure determination of large complexes, 
crystallography of RNA or biochemistry of ribosomes and translation. 


This isa three year training and development position for a postdoctoral 
scientist who has recently completed their doctoral studies, s moving into a 
new research discipline or has limiced experience of key transferable skills 


This isa ful time post for three years with flexible working hours 
This s supported by flexible pay and a reward policy, 30 days’ annual leave 
enttlement, an opeional MRC final salary pension scheme and excelent 
on-site sports and social facies. 

For informal enquiries, plase contact Venki Rarakrshran 
(camak@rre-imbcam cul), 

For further information and to apply, please visit our website: 
hetp:/jobs.mre.ac.uk or telephone 01793 301 154 quoting 
reference LMB07/515. 

For on-line applications, please attach a CV and covering letter. 
Closing date for applications is: 7 October 2007. 

For further information about the MRC visit www.mre.ac.uk 
The MRC is an Equal Opportunities Employer 

Leading science for better health’ 


@Tobarts 
RESEARCH 


Scientific Director, 
Robarts Research Institute 


The University of Western Ontario 


Robarts Research Institute, one of Canada’s leading 
medical research institutions, is seeking a Scientific 
Director who will champion the Institute's success 
as a centre of world-class science, technological 
innovation and the commercialization of research. 
Founded in 1986, in London, Ontario, the Institute's key 
scientific areas of strength are found in advanced 
medical imaging, cellular and molecular biology, 
genomics, immunology, clinical trials and stem cell 
biology. Working in an interdisciplinary environment, 
clinical and basic scientists — physicians and physicists, 
together with biologists and biomedical engineers — 
investigate some of the most debilitating diseases 
of our time, from heart disease and stroke to 
diabetes, Alzheimer's and many forms of cancer. 
For more information, visit www.robarts.ca. 


The University of Western Ontario and Robarts 
Research Institute have created a new partnership, 
by fully integrating Robarts as a distinct research 
institute within Western's Schulich School of Medicine 
& Dentistry on July 1, 2007. The Institute has 
undergone significant growth and transformation in 
the past fifteen years. The current operating budget 
for the Institute is $8 million, while the research 
funding has grown to an impressive $36 milion. 
There are currently 500 highly dedicated staff and 
students working in the labs of Robarts’ 44 principal 
investigators. 


The Scientific Director will be supported by an Executive 
Committee, a senior management team (operations, 
communications, fund and business development) 
and an Advisory Council on strategic and operational 
issues. The Scientific Director is responsible for the 
overall direction, management and operations of 
the Institute, and will provide vision and scientific 
leadership throughout the organization. 


The ideal candidate will be a Ph.D., M.D./PhD. 
or M.D., and an outstanding scientist, recognized 
internationally in a field relevant to the Institute's 
activities. She/he will possess executive leader- 
ship and administrative skills, as well as the ability 


to interact effectively with internal, related and 
extemal constituencies. As well as an understanding 
of intellectual property and entrepreneurial business 
development, of prime importance will be the ability 
to recognize and promote new and innovative 
opportunities to enable the Robarts research 
mission to thrive and grow. The successful candidate 
will be appointed in a position at the level of Full 
Professor into the appropriate department(s) in the 
Schulich School of Medicine & Dentistry. 


Consideration of nominations, applications and 
expressions of interest will begin in the fall of 
2007, for an initial Syear term appointment effective 
July 1, 2008. 


Please respond in confidence to the address shown 
below. Applicants should have fluent written 
communication skills in English. All qualified 
candidates are encouraged to apply; however, 
Canadians and permanent residents will be given 
priority. The University of Western Ontario is 
committed to employment equity and welcomes 
applications from all qualified women and men, 
including visible minorities, aboriginal people and 
persons with disabilities. 


Janet Wright & Associates Inc. 
174 Bedford Road, Suite 200, 
Toronto, Ontario, Canada MSR 2K9 
Fax: (416) 923-8311 
uwo-obarts@jwasearch.com 
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Science Careers 


Tenure Track Positions 
Division of Nutritional Sciences 


Located in tihaca, N.Y., Cornell University isa bold, innovative, inclusive and dynamic teaching 
‘and research university where staff,Jaculty,and students alike are challenged wo make an enduring 
contribution 10 the betterment of humanity 
‘The Division of Nutritional Sciences at Comell University is recruiting outstanding scientists for 
3 tenure-track faculty positions. The successful candidates are expected to develop extramurally 
funded research programs and contribute to the division's te An advanced degree 
(MD, Ph.D., DVM, and/or equivalent) is required and posts ghly 
‘ASSISTANT PROFESSOR - FUNCTIONAL MOUSE GENOMICS. The successful candidate is expected 
to have expense in genetics, biochemistry, developmental biology and/or experimental genomics 
and interest in exploring the interactions among nutrients, metabolism and the genome in bealth and 
disease. Areas of interest include mammalian developmental & metabolic pr 
metabolism, epigenetics and/or complex metabolic diseases. 
ASSISTANT PROFESSOR - HUMAN METABOLISM. The successful candidate is expe 
expertise in human nutrition and an interest in. studying the interactions. amor 
metabolism and/or genetic variation in human health and disease. Ar 
and/or lipid metabolism, maternal & child nutrition, chronic diseases, and genomics 
metabolomies/lipidomics incorporating state-of-the-art approaches, 
ASSISTANT PROFESSOR - GLOBAL HEALTH & NUTRITION. The successful candida 
tohave experience in global public health research and an interest in study 
social dimensions of nutrition. Areas of expertise include but are not limited to Social Sciences. 
Epidemiology, Intervention Development & Evaluation and/or Infectious Disease 
These faculty searches will be conducted in concert with Comell University’s interdisciplinary 
initiatives in Global Health, Social Sciences and/or Life Sciences. 

To apply, please visit: http://nutrition.cornell.edw/dns7_facultyemployment.htmt 
‘The screening of candidates will begin October 5, 2007 and will continue until the positions are 
filled. Salary will be commensurate with the successful candidates’ credentials and experience. 
‘Women and minorities are encouraged to apply. 


Cornell University 
Cornell University iy an Affirmative Action! 
Eqoal Opportunity Employer ond at 


http://chronicle.com/jobs/profiles/2377. 


Chairperson 
School of Arts & Scier 
re cd : 2008-09 


WESTERN 


Department of Bir | and Environmental Sciences 


ademic programs, new construction projects, including a new “state ofthe art” student center, 
snrollment all serve to make Western Connecti 
cand graduate students, 
comprehensive cs nprise the Connecticut State Uni y 
campus is located in Danbury, $0 miles north of New York City. The University is divided into the 
School of Ans & Sciences, the School of Professional Studies, the Ancell School of Business and 
the newly created, Schoo! of Visual and Performing Arts. Additional information about WestConn 
is available at www.wesuedu 
The Department of Biological and Environmental Sciences secks candidates for a tenure track 
lor Associate Professor. The Department is housed in a new 
sive moder facilities and equipment. There are 10 tenure-track faculty 
biology majors, 30 M.A. students in a part 


students, and 
y routine administrative duties and effectively 

represent the department to the university administration. Some of the candidate's time will be devoted 

to teachi esea undergraduate or M.A. students. 

‘andidates must have a Ph.D. or equivalent terminal degree; administrative experience 
t chairperson, program director or above; six or more years fulltime te 

experience in a tenure-track positi specialization related to biotechnology 

Salary and Benefits: WestConn offers competitive salaries commensurate with candidates’ experience 

and a comprehensive benefit package. Additional information can be found on our website at: 
http://www.wesu.eduiworking 

Application Process: Interested can 

recommendation, and statements of administrative philosophy, teachi 

interests. Applications should be sent electronically 10 www facultyvitae@wesuedu Please refer 10 

search #146 in your e-mail, Review of applications begins Oetober 15, 2007 and continues until the 


position is filled. 


Western is an AAIEEO Educator/Emplover. 


From 
life on Mars 
to life sciences 


For careers in science, 
turn to Science 


www.ScienceCareers.org 


* Search Jobs 


Career Advice 


Job Alerts 


Resume/CV 
Database 


Career Forum 


Graduate 
Programs 


All of these features 
are FREE to job seekers. 


Science Careers 


From the journal Science 


«7 RUTGERS 


Assistant Professor of 
Cell Biology and 
Neuroscience 


The Department of Cell Biology and 
Neuroscience at Rutgers, The State 
University of New Jersey, Piscataway. 
seeks to fill five tenure-track positions 
at the Assistant Professor level over the 
next five years. Applicants should have 
a Ph.D, and/or M.D. with a minimum 
of two years postdoctoral experience 
and evidence of continued growth as 
a productive researcher, Candidates 
in fields such as neuroscience, deve 

opmental biology, immunology, and 
signal transduction, from the molecu- 
lar through the systems level, are 
strongly encouraged to apply. 


The Department is located on the Rut- 
gers Busch Campus, which is home to 
the majority of the University science 
departments, and the UMDNJ-Robert 
Wood Johnson Medical School, The 
campus is 30 minutes by car from 
Princeton, and one hour by train from 
both New York City and Philadelphia, 
allowing easy collaboration with other 
major universities in the area. Rutgers 
was named the top place to work for 
postdocs by The Scientist in 2003, and 
New Jersey is home to eight of Money 
magazine's top 100 places to live 


The successful candidate will be 
expected to establish an independent 
research program supported by exter- 
nal funding and to contribute to 
ate and undergraduate education. The 
Department offers excellent facilities 
and a competitive start-up pack: 
Interested individuals are encouraged 
to apply online through the CBN web- 
site (http://ebn.rutgers.edu) or send 
a curriculum vitae, a brief statement 
of research plans, and the names and 
addresses of three references to: 
CBN Search Committee 
c/o Virginia Marano 
(marano@ biology.rutgers.edu) 
Nelson Laboratories 
604 Allison Road 
Piscataway, NJ 08854 


Review of applications will begin 
immediately on a rolling basis. 
Rutgers University is an Equal 
Opportunity/Affirmative Action 

Employer 


La science en AGHIGNYPQUELHProR@en EVOLUTION 


CANADA RESEARCH CHAIR — NANO-BIO-TECHNOLOGY 


pada Re: Chait, For in ‘ t 
www.chairs.gc.ca. A Ter | Chi histher field of 
esearch. The Institut de la re RS) is a University providing 
training at the graduate level (h nstiluent of the University of 
f ou { strategic developmen 4 of nano-bio-photonics, broadly 
defined as the synt essing and i tion of nanosystems relevant to 
) 9, bat not limited 4 ion nd the environment. Research 
1 nclade the tevials and processes in the 
d areas of et, both diagn gene therapy, tissue re 
egenerationve e nd characterzation of biocompatible material 
dvanced imag f f e cules 10 viuses to living cell 
cluding tudies in viv 
The Insti ted 1 the South Shore of Montreal. More information is 
e wwwwemt.inrs.ca 
The successful candidate should have an outstanding record of research 
ls and is expected to develop a strong independent research prox 
talizing on his/her int leadership inthe field 
= Ademonstraled din teachin ion of graduate student 
= Abilty 1o work team and within esearch network 
= Entrepreneurial sk » ability to attract significant external funding 
¥ language of out work en ndidates whose native language is not 
F = eaccn : de them with all the resources necessary 
4 benet dance with the curtent collective agreement at INRS, 


ges), a statement of teaching philosoph 
ntact addresses of al least thiee releree: 


(on DS 07-02 tc 


before December 14th 2007, indicating 


Director 
INRS-Energie, Matériaux et Télécommunications 
800, de la Gauchetiére Ouest, suite 6900 
Montréal (Québec) HSA 1K6 


concours @emt.inrs.ca 


4 work equa 
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Université du Québec 
ay Institut national de la recherche scientifique 
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= UNIVERSITAT HOHENHEIM 
From primates 


aL FS Al on ii iy el wn to proteomics 


F.W. Schnell - Endowed Chair of “Crop Biodiversity and 


Breeding Informatics" Full Professor W3 
(Nutzpllanzenbiodiversitat und Zichtungsinformatik) 


at the Institute of Plant Breeding, Seed Science, and Population Genetics. 
The candidate will conduct research in the new area of crop biodiversity and breeding informatics 


The main focus will be on the analysis of genetic diversity of crops as well as development of For careers in science, 
strategies for conservation and utilization of genetic resources in plant breeding. Breeding infor - 
‘matics shall be developed and introduced as supportive tool. She/he will participate in interdis- turn to Science 


inary research programmes of the University’s scientific centres. 
feaching is expected both at undergraduate and graduate level. Furthermore, an integrated, sys- 
tem-oriented thinking and acting shall be conveyed in teaching of students, as a basis of leader 
ship qualification, in cooperation with other departments of the University of Hohenheim or @ 
partner university. 

Qualifications required are an excellent doctorate plus post-doctoral research record in fields 
related to the subject of the professorship, as well as teaching experience, to warrant appointment 
{as full professor. The University of Hohenheim attempts to increase the number of female scien: 
tists and strongly encourages women to apply. 

The position will be tenured and is to be filled starting as soon as possible. The professorial chair 
is financially supported by KWS SAAT AG, together with the Stifterverband fur die Deutsche Wis- 
‘senschatt (The Donor’s Association for the Promotion of Science and Humanities). Candidates who 
hhave not served as a University Professor before, will initially be appointed on a fixed-term con: 
tract, Exceptions may apply for candidates from foreign countries of from the private sector. 
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‘Applications including curriculum vitae, documentation of academic achievements and teaching 
‘experience, and a list of publications are to be sent to the address below by October 31, 2007. 


Dean of the Faculty of Agricultural Sciences (300), University of Hohenheim, 70593 Stuttgart, 
Germany 

For further information, please contact the office of the Dean (e-mail: agrar@uni-hohenheim.de, 
Phone: +49 (0)711 459-22322, Fax +49 (0)711 459-24270). 


www-ScienceCareers.org 
Developmental Geneticist * Search Jobs 
“The Department of Bology atFaild Uniersty announces a toure-rack poston al ho Assistant i 
Professor level in tho area of Developmental Genetics, to begin fall 2008. The successful candidate * Career Advice 
vibe expected to devolop a research program tal valves under radiates in velopment Dology 
‘and/or genetics In animals. Additional job requrements inchxte teaching undergraduates, advising * Job Alerts 
land mentoring students and partpaig In departmental and univers commas. Content 0 
teaching excetenc, responsiveness to siden needs, and eflcive conmuricaon sls ae expected. * Resume/CV 


“Teaching responsittis wince partcipaton inthe taaching tthe Biclogy departments 
introductory courses in general biology and genetics fr Biology majors, as well as an upper division Database 
course n developmental biology. Tha succasstul candidate wil alco partspate inthe unverstys 

‘science core curriculum, Candidates must possess a Ph.D. in genetics or a closely related 

discipline. Those with demonstrated excellence in undergraduate teaching, experience working with 
undergraduates in research, and post-doctoral research experience will be given special consideration. 
Applications from candidates with an appreciation of social and cultural diversity are encouraged. Salary Graduate 
‘and benefits al Fairfield Uniersty are highly compete Programs 
(Quaified candidates should cond a cover ear that addresses the above requements. The appcaion 

‘must include a curriculum vitae, graduate transcripts, a statement of teaching goals, a statement of 
research intreats and goals including the role of undergraduates aed the polar for grant tatves), 
Selected reprints, and tre letters of elerence sent under separate cover. All aplcaon mateiis 
should be addressed fo: Dr. Glenn Sauer, Chair, Biology Department, Developmental Genetics All of these features 
Search, Fairfield University, Falrfield, CT 06824. Review of completed applications wal begin on are FREE to job seekers. 
(October 15th, and will continent the positon is filed. Fairfekd University is a comprehensive Jesuit i 
university with an active and pluralistic faculty located in southern Connecticut, roughly 50 miles from 
New York City and minutes from New Haven CT. Fairfield University is an Affirmative Action/Equal: 
‘Opportunt Employer. Women, minorities, and persons wih disables are encouraged to appy 


S| Fairfield Science Careers 
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Jouit. Pesonal. Poserful 
Visit our website 


Career Forum 


From the journal Science 


wew fat 


IE UNIVERSITY OF ARIZONA: 


Project Opportunities at Biosphere 2 


Call for Proposals 


Input from the international scientific community is being 
solicited to develop the programmatic thrust of the new 

Bz Institute at Biosphere 2. With this announcement, the 

B2 Institute Steering Committee is calling for program proposals 
in areas of scientific “Grand Challenges” where interdisciplinary 
activities, broadly defined, can result in significant progress 

or indicate new directions for progress on the major scientific 
questions of our day. 


Proposals can be for programs and/or workshops which last 
from a few days to several months. Programs will be selected 
‘on the basis of their intellectual significance, timeliness, and 
‘opportunities for progress. The broader societal impact of the 
activity will be an important factor in selection. 


‘There is no deadline for submission of proposals. Proposals will 
be considered by the B2 Institute Steering Committee and its 
International Advisory Board immediately following submission. 
Pre-proposal submissions consist of a working title, suggestions 
for program organizers and participants, and a brief description 
of the program and how it supports the mission of the Institute. 


The B2 Institute organizes and hosts programs directed at 
the intensive study of scientific Grand Challenges in the 

natural sciences and related interdisciplinary areas. Building 
upon The University of Arizona's reputation asa trailblazer in 
interdisciplinary research, the B2 Institute serves as a center for 
research, outreach, teaching and life-long learning about Earth, 
its living systems, and its place in the universe. The goal of the 
Bz institute is to create extended programs and shorter, broadly 
attended conferences, as well as summer and winter schools for 
graduate students and postdoctoral fellows. 

The B2 institute also carries out significant outreach activities, 
including public lectures and teacher education days, and builds 
bridges via artist- and journalist-in-residence programs, art, 
exhibits, and performing arts events. 


Contact Pierre Meystre, B2 Institute Director at (520) 621-4651 
‘or meystre@bascience.org for additional information. 
Visit 82institute.org and click on the Call for Proposals promo, 


B2 Institute 
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ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


SWiK DDS 


Ecole polytechnique fédérale de Lausanne (EPFL), 
with the support of swissUp, establishes an 


A Career 
in science 
is more 
than just 


Professorship in Engineering 


{o promote women’s leadership in engincering 


science. 


www.sciencecareers.org: 


Science Careers 


From the journal Science 


to hire an outstanding woman 
track assistant professor in any 
field of engineering or computer 
With this professorship, we aim to enhance 
the engineering contributions and increase 
the participation of women in engineerin; 
EPF me of the leading Institutes of Te 
nology in Europe and offers internationally 
competitive salaries, research infrastructure, 
benefits, and start-up packages. The position 
is partially funded by swissUp,a foundation 
promoting higher education in Switzerland 
(www.swissup.ch). 


Applications will be actively considered from 
September 1", 2007 with a final deadline of 


For further information, please contact 
Prof. Karen 
(karen scrivenen@epfl.ch) 

Call for applications will start soon at 
hutp:/swissup.epflich 


Additional information about EPFL. 

and its programs is available at 
http:/Awww.epfl.ch, http://sti.epfl.ch and. 
http://ic.epflch 
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> ICSU Vacancy Announcement 
EXECUTIVE DIRECTOR 

‘The Intemational Council for Science (ICSU, www.iesu.org), founded in 1951, is 2 non-governmental 

organization dedicated to the promotion of international science forthe benefit of society. To accomplish 

itsmission, ICSU effectively mobilizes the knowledge and resources ofthe international science community 

represented by 29 Scientific Unions and 112 National Scientific Members. ICSU also has several 

Interdisciplinary Bodies, which carry out global scientific programmes 


ICSU hasa central Secretariat of 16 staff located in Paris, plus overseas Regional Offices in Africa, Asia and 
the Pacific, and Latin America and the Caribbean. 


‘The Executive Director reports to the elected Officers and the Executive Board and has overall responsibility 
for implementing the strategic goals of the organization, managing the Secretariat and oversceing the day 
to-day operations of ICSU. 


{In this capacity, the incumbent will be expected to: 
+ Act to achieve ICSU’s mission, strategy and plans, and contribute to their 
formulation and development; 
* Work with and seek synergy and harmony among all components of the ICSU 
‘membership: Scientific Unions, National Members and Interdisciplinary Bodies; 
ind non 


‘+ Ensure effective links between ICSU and partners in the U overmental 
sectors and raise funds in support of ICSU’s programmes; 
‘+ Manage the ICSU Secretariat and its staff in Paris and oversee the Regional Offices 


around the world. 


ICSU is seeking candidates who: 
Jjave an advanced university degree in science; 
* Have atleast fifteen years of experience in international collaboration and management 
Of scientific programmes; 
* Have leadership as well as strategic, financial and human resources management skills; 
+ Possess full command of written and spoken English. Working knowledge of French and 
Knowledge of other languages is considered an advantage. 


The incumbent should be prepared to conduct frequent world-wide travel. The appoinument will start on 
| February 2009 with an initial probationary period of six months 

her information ma 
D_queries@iesu.org 
Applications with full CV and names of three references should be addressed tothe Seeretary-Gencralof 
ICSU at ED_applicationsdicsu.org by 31 October 2007. Interviews for short-listed candidates will be 
arranged in Paris in February 2008, 


be obtained by writing in confidence to the Secretary General at 


Director 
McGill and Genome Quebec Innovation Centre 


is secking a senior scientist to serveas Director ofthe Innovation Centre sponsored 
jointly by McGill University and Genome Quebec 


The Innovation Centre is a world class facility dedicated to the fields of genomics and proteomics 
and their applications to the study of human disease, The Centre operates technology platforms for 
yenotyping and DNA-sequencing along with microarray and proteomic analyses. It also provides 
‘wide range of high quality genomic and proteomic services to academic and commercial clients 
across North Am 


The Director will be a tenured Professor at MeGill University and will serve as the chief liaison 
between the University and Genome Quebec, major government funding partner in this facility. He 
cr she will be responsible for setting the priorities and future goals of the Centre and, in conjunction 
with Genome Quebec, for developing financial mechanisms to achieve them. A proven record of 
success in research and research administration is essential 


The McGill and Genome Quebec Innovation Centre is centrally located on the McGill University 
campus in downtown Montreal, one of North America’s most vibrant and affordable cities. It is 
adjacent 10 research facilities betonging to the Faculties of Medicine, Science and Engineering. 
This research community is one of the most productive and distinguished in North America and 
opportunities for collaborations and inary rescarch initiatives will be numerous. 


Applicants should have an MD. a PhD or the equivalent, and extensive experience in research 
related to modem genomic and/or proteomic techniques and their applications. A competitive salary 
commensurate with experience and a start-up package is available, including a Canada Research 
Chair. Further details on the Canada Research Chairs can be found at www.chairs.gc.ca 


For consideration by the advisory committee, please send a letter outlining your current and future 
research interests, copy of your curriculum vitae and the namesand addresses of three references to: 
Dr. John Robson, Associate Dean for Faculty Affairs, Faculty of Medicine, McGill University, 
3608 de Ia Montagne, Room 220, Montreal, Quebec. Canada, H3G 2M1. E-mail applications 
are preferred and should be sent to facultyaffairs.med/@ megill.ca. The review of applications will 
continue until the position is filled. 


All qualified candidates are encouraged to apply: however Canadians and permanent residents of 
Canada will be given priority. McGill University is committed to equity in employment. 


From physics 
to nutrition 


For careers in science, 
turn to Science 


www.ScienceCareers.org 


* Search Jobs 


Career Advice 


Job Alerts 


Resume/CV 
Database 


Career Forum 


Graduate 
Programs 


All of these features 
are FREE to job seekers. 


Science Careers 


[rontenentsener RAMS | 


Department of Health and Human Services, Food and Drug Administration/Center 
yonmnetr for Biologics Evaluation and Research, Di ion of Bacterial, 
Parasitic and Allergenic Products 


i 
%, (a DIRECTOR 

The Department of Health and Human Services, Food and Drug Administration, Office of Vaccines Research and Review (OVRR) in the 

for Biologics Evaluation and Research is searching for a Director for the Division of Bacterial, Parasitic & Allengenic Products. The OVRR reg- 
ulates and performs mission-related research on vaccines and allergenic products to ensure that they are pure, safe and effective, The Director 
for the Division of Bacterial, Parasitic & Allergenic Products leads a dynamic organization of highly skilled, laboratory-based review scientists 
and support personnel committed to improving access to vaccines and related products through the development of sound science-based pol 
effective regulatory processes and application of quality management principles. Preferred candidates possess specialized knowledge and expe- 

in the development and management of biological programs, as it pertains to evaluating the safety, efficacy and public health 


cellent interpersonal skills to d 
munication skills 

‘Qualifications: Applicants must have a M.D. and/or a Ph.D. in a relevant field, extensive post-loctoral laboratory experience, and a record of 
publications demonstrating scientific leadership. Candidates for Civil Service or Commissioned Corps appointment and/or for permanent posi- 
tions must hold US citizenship. The incumbent may also be appointed under Title 42 excepted service. Title 42 209(f) isin the Excepted Service 
ata salary commensurate with his/her qualifications. Non-US Citizens with permanent residency are required to provide proof with Green Card 
1551 

Salary Range: $110,363.00-S143,471.00. Physi ¢ eligible for additional salary under the Physician's Comparability Allowance 
(PCA) up to $30,000 or title 38 compensation, 

Location: Bethesda, Maryland 

How to Apply: Submit resume or curriculum vitae with cover letter to: FDA/CBER, 11400 Rockville Pike, Suite 350, Rockville, MD 20857, 
HEM-122, Attn: Robin Wilson, referencing Job Code: Director, DBPAP; email to:recruitment@ cber.fda.gov: or fax to 301-827-1441 oF 
phone 301-827-1400. 

For further information please visit our website at: http:/www. fda gov/eber/inside/vacancy.htm 


DEPARTMENT OF HEALTH AND HUMAN SERVICES IS AN EQUAL OPPORTUNITY EMPLOYER, 
SMOKE FREE ENVIRONMENT. 


Evolutionary Biologist, Rank Open 
‘The School of Environmental and Biological Sciences Rutgers, 


W t t The State University of New Jersey 
ant to Rutger Unive seching cena with rong rsa and aching ners valor 


biology, broadly defined. The arca of specialization and the faculty rank are open. This faculty posi- 
sea rch Ties eos pubes tosniiies ka iar otal is evobsionsy blatogss mbt nar ovolvena pees 

of departments within the University, (e.g., Ecology, Evolution and Natural Resources, Marine and 
Coastal Sciences, Genetics, and Geology; sec http://evolru.rutgers.cdu/ for an overview), The 
more seco applica cut Lives LD. retry wih poadoctl exprerce Ser aia 


should have a record of superior research accomplishments and funding. Applicants must have a 
trong commitment to excellence in both graduate and undergraduate teaching. 


job Teeamaloms ise dattocmeroticins Cs Ma oni 

° which is broadly concerned withthe structure, function, evolution and management of natura sys: 
postin gs? terns. Research activities involve all levels of organization from the microbial to whole ecosystems 
: ton a global scope. Addisons inSoemation about research snd teaching inthe department can bo 

viewedonths departmental website (http-frwncrerutgers.edul~deeat/. tn addtion to evolution, 

the department and its allied graduate program (http://www.rei.rutgers.edu/~deenr/grad/) have 


www.sciencecareers.org Strengths in multiple areas of basic and applied ecology. 

To Apply: Send cover leter, detailed curriculum vitae, statements describing interests and qualii- 

Search thousands cations in research and teaching, contact information for three references, and up to three selected 

i i publications to: Search Committee — Evolutionary Biologist, Department of Ecology, Evolution, 

of job postings nd Natural Resourees, Rutgers University, 14 College Farm Road, New Brunswick, NJ 08901- 

—updated daily— ‘8551. We strongly encourage the submission of the above material in electronic form (pdf or Word 

format on CD) addressed to the same address or sent by e-mail to evosearch(@ aesop.rutgers.cdu 

all for free. The commitice will begin reviewing applications beginning November 1, 2007 and will continue 

until the position is filed. Final appointment is subject to the availability of funds. A September 

1, 2008 starting date is anticipated. For additional information, contact Dr. Lena Struwe, Search 
Committee Chair, at struwe@ aesop.rutgers.cdu, 


Rutgers University is an Affirmative Action Equal Opportunity Employer: 


Science Careers 


= RUTGERS 


THE STATE UNIVERSITY 
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Science Careers 
Online Forum 


* Should | have a resume ora CV or both? 
* Postdocs: Industry or Academia? 
* Managing life in the lab. 


Let Science Careers help you resolve these matters. Science 
Careers has partnered with moderator Dave Jensen and four 
well-respected advisers who, along with your peers, will field 
career-related questions. 


Visit www.ScienceCareers.org and start an online dialogue 


Bring your career concerns 
tothe table. Dialogue online 
with professional career 
counselors and your peers. 


Science Careers 


from the oumal lence RNAS 


Tenure-Track Position — Bacterial Pathogenesis 
Department of Microbiology and Molecular Genetics 
Michigan State University 


The Department of Microbiology and Molecular Genetics at Michigan 
State University secks eandidates for an academic-year, tenure-track posi- 
tion at the Assistant or Associate Professor level in Bacterial Pathogenesis. 
Applicants are sought with demonstrated expertise in molecular mecha- 
nisms of bacterial pathogenesis, microbial ecology of infectious disease, 
genetics of virulence, or host-microbe or microbe-microbe interactions 
‘opportunities exist for collaboration with other faculty with research 
interests in these areas in the Center for Microbial Pathogenesis, Center 
jonal Food Safety and Toxicology Center, 
and the Center for Water Sciences. A doctoral degree in microbiology 
or a related discipline, a minimum of two years of postdoctoral research 
experience, and a strong record of research accomplishment are required. 
Responsibilities include developing an independent, extemally funded 
research program with national visibility; teaching within our graduate 
professional, and/or undengraduate programs; and collaborative interac- 
tions with other faculty in the Department and University. The offer will 
includea competitive startup package and laboratory facility within our 
new state-of-the-art research build 


Applicants should submit a leter of application, curriculum vitae includ- 
ing a complete publication list, statement of current and future research 
plans, copies of pertinent recent reprints, and contact information (address, 
e-mail and phone) for three referees to: 
Bacterial Pathogenesis Search Committee Chair 
Dept of Microbiology and Molecular Genetics 
2209 Biomedical and Physical Sciences Building 
Michigan State University 
East Lansing, MI 48824 


Applications may be submitted electronically to mmgi@ msu.edu. We 
will begin review of applications on October 15, 2007 and applications 
will be accepted until the position is fille. 


MSU is an Affirmative Action Equal Opportunity Employer: 


‘Tenure-Track Faculty Position 
The Department of Microbiology and Immunology 
Medical University of South Carolina 
Charleston, South Carolina 

The Department of Microbiology and Immunology at the Medical University 
of South Carolina s secking applicants fora tenure-track position at the Assise 
tant Professor level. The successful candidate will have a research program 
in the arca of humoral immunity in cancer that is currently supported by or is 
competitive for peer-reviewed funding. Areas of particular interest within the 
field of humoral immunity will include but will not be limited to mechanisms 
of antibody-mediated tumor killing and therapeutic approaches to antibody- 
‘mediated cancer therapy. 
New faculty will have access to a competitive salary and startup funds and 
‘benefit from protected time for the establishment of a nationally competitive 
research program. Independent funding is highly desirable, Relocation of estab- 
lished funded research programs in tumor vaccines or tumor gene therapy will 
bee considered. In 2006, new laboratory space opened in the Hollings Cancer 
Center. The Department provides teaching to multiple colleges within the 
University, and all faculty participate in professional and graduate education 
as well as maintain an active research program, 
The Medical University of South Carolina isa rapidly growing research environ- 
‘ment with over $189 million in research support. Rescarch centers include the 
Hollings Cancer Center and the Center for Cell, Gene, and Vaccine Therapy. 
Stato-of-the-art rescarch facilities include X-ray crystallography, mass spec- 
trometry, proteomics, microarrays, functional imaging, and confocal micros- 
copy. A BSL-3 smal animal/wet lab is completed and witl be commissioned 
by the Fall. A major new facility in biomolecular NMR is under development, 
The Charleston arca provides an outstanding quality of life offering excellent 
‘opportunities in the arts, sports, recreation, and cuisine. 
Please reply to www jobs.muse.edu or www.muse.edu/hrm position #043499, 
or send curriculum vitae, research interests, and send three letters ofrecommen- 
dation addressing both research and teaching potential to: Tamor Immunology 
Search Committee, c/o Janie Nelson, Department of Microbiology and 
Immunology, Medical University of South Carolina, 173 Ashley Avenue, 
PO Box 250504, Charleston, SC 20425, 


The Medical University of South Carolina is an Affirmative Action’ 
Equal Opportunity Emplover. 


In Basic Bioscience and Engineering 


The Rensselaer Center for Biotechnology and Interdisciplinary Studies, an 
outstanding facility for world-class research, is offering up to four endowed 
positions for exceptional faculty in each of the following focal areas: 


@ Biocatalysis and Metabolic 
Engineering 


@ Functional Tissue Engineering and 
Regenerative Medicine 


@ Biocomputation and Bioinformatics @ Integrative Systems Biology 


| 
I 

“Constellations” of distinguished professors work collaboratively in each focal area, supported by generous resources to ensure success. 
| We invite you and potential colaborators to put yourselves atthe Center of world-class recognition. Appointments and jint appointments 


will be considered at any level. 


| RPI is located in Troy, NY, which borders the Hudson River - a short drive to the largest protected state park in the Northeast. Minutes 
‘away from the state capital, Troy boasts many of the finest examples of 19th century American Architecture, along with a diverse 


| culture, sporting events and entertainment. 


For the most important 
research of your life: 


Rensselaer Polytechnic Institute ix an 
Affirmative Action/Equal Opportunity Employer: 


To apply send your CV nomination to: R.E, Palazzo, Acting Provost 
Bio Constellation Search 


palazr@rpiedu 


Rensselaer Polytechnic Institute, Mailstop: Bio, Tech.- 2nd Floor 
http:/www.rpl.edu/research/constellations/index.htmi 110 8th Steet . Troy, NY 12180-3590 


Rensselaer 


why not change the world? 


Do what 
you love. 


Love what 
you do. 


www.sciencecareers.org 


Science Careers 
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ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


EPFL anticipates making a faculty ap- 
pointment at the level of tenure track 
‘or in its Institute of 


sidered. Exceptional candidates secking 


appointment may also be 


and lead a vigorc 
search program, interact with ex: 


and graduate levels. Significant start-up 
resources and research infrastructure 
will be available. 


Faculty Position 

in Chemical Engineering 
at Ecole Polytechnique 
Fédérale de Lausanne (EPFL) 


Applications including curriculum vitae, 
publication list, concise statement of 
arch and teaching interests 
the names and addresses. (including 
email) of at least five references should be 
submitted in PDF format via the website 
http://sb.epfl.ch/chemsearch by October 
(30, 2007. 


For additional informatios cont 
Professor Hubert (hubert, 
girault@epfl.ch) or consult the following 
websites: http://www.epfl.ch/Eplace.himl, 


htip://sh.epfl.ch/en and http: /isicepfl. 


EPFL is an equal opportunity employer. 
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Faculty Positions in 


Cancer Biology 


Applications are iwited for temuretrack faculty pesitions in the Cancer Biology 
and Genetics Program of the Sloan-Kettering Institute, Memorial Sloan- 
Kettering Cancer Center. (http://wwwasiee 0 
Suceesdl candidates will © The genes, 
progresion, prognosis, prevention and treatment of cancer that synergive with 
‘ongoing efforts at the Center. Areas of special interest are, but fot Tinted to: 
ratem cell, tumor microcivironment, tumor anghogenesix, metastass, 
er gemetis, a al models of eancer 


The new faculty me 


ers willjoin an interactive, interisciplinary community 
iansat the Center, which offersan outstanding basic and 

aiment within expanded stateoftheart rexare 
ble to hold rach 


Weill Graduate School of Medical Se 
the TrMinstiuational MD/PhD Trainia 


Cancer Biology & Genetics Facult 

Robert Benezra, PhD - Angiogenesis Differentiation 
‘Eric Holland, MD/PhD = Glioma Mouse Models 

‘Anna Kenney, PRD - Neural Stem Cells/Brain Tumors 

Robert Klein, PhD - Cancer Genetics 

Johanna Joyce, PhD - Tumor Microetsironment 

Joan Massague, PAD - Cell Regulation /Metastais 

Harold Varnuss, MD: Molecular Mechanisms of Oncexe 

Drug Resin 


Candidates should email their appl 
cancerbiogimskce.org by November 
a Curriculum Viene, a ecripi 

ch, and copies of 
should arrange to have three signed leters of reference sent by email 10 
cancerbiogrmakce.org or regular mail to Joan Massague, Ph.D, c/o Maria 
Beckles, Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, 
494, New York, NY, 10021, ‘The lecers should arrive by November 1, 2007, 
Inquiries may he sent to Maria Beckles at beeklesm @rmakee.org. FOE/AA. 


prope 
‘Clnaldates 


Harry S. Truman Research Fellowship 
1n National Security Science and Engineering 


Sandia Nationa! Laboratories is one of the county's largest research facilities 
‘employing 8,700 people af major Facilties in Albuquerque, New Mexico and 
LUvermore, Calfomia. Please vist our website at wurw:sandia.gov. 


We are searching for outstanding Ph.D. candidates to apply forthe Harry S, 
Truman Research Fellowship n National Secutty Science and Engineering, This 
lnital one-year appointment may be extended, at management's discretion, for 
{wo adctional one-year appointments. The salary t= $38,900 per year. This posi 
tion requires a Unted States Department of Energy Security Clearance, which 
requires United States Citizenship. 


‘The Truman Fellowship provides the opportunity for recipients to pursue_inde- 
pendent research of teir choosing that supports Sandi's national security mis 
Sion. Candidates are expected to have solved a major scientific or engineering 
problem in ther thesis work or will have provided a new approach or insight to a 
‘major problem, as evidenced by a recognized impact in ther ld 


Candidates must have a Ph.D. within the past 3 years o¢ will complete all 
Ph.D. requirements by commencement of appointment, with a broad-based 
background and extensive knowiedge of research in one or more ofthe following 
areas: advanced computing, information systems and mathematics; biosc- 

fence and technology; combustion, chemical and eath sciences; engineering 
sciences: geosciences: inteligont systems and robotics; materials sclance and 
technology: maelectionics and microsystems: nano sciences and technology: 
pulsed power and deectod energy: and remote sensing and satolit 

Candidates must be seeking ther first national laboratory appoint 

excellent academic and research qualiica 

‘np working ina team-oriented, dynamic environment. 


For complete instructions, please visit 
itp//wwsandia.govlemployment/special-progftnuman, 

Prease submit the complete package to: Roberta Rivera, Sandia National 
Laboratories, P.O. Box 5800 MS: 1351, Albuquerque, Now Moxico 87185-1351, or 
‘email rriver@sandia.goy, or fax 505-848-9802. Please reference Job Requisition 
Number: 58075, All materials must be received by December 5, 2007 


US. Citizenship Required. Equal Opportunity Employer. M/F/DN. 


Research Faculty 
Computational and Systems Biology 


The Computational Biology Program at MSKCG (wwv.cbio.mskec ong) i secking 
ian for tenuretrack positions at the Awistant, Avociate 
Full Member level. Pursue basic escarch, sohe biological problems with major 
emphasis on computational methods and build active bridges to experimental 
andl clinical research, Participate in an innovate expansion of research 
programs at one of the best chnicabscientifieintinutions in the woekd, Work a 
MSKCC's new Zuckerman Research Center, on Ma 

proximity to Rockefeller University andthe medical schoul of Cornell U 

Faculy ill be eligible to hold gr ol ap 

Sloan-Kettering Graduate School of Biomedical Sciences, the Weill Graduate 
Seliol of Medical Scienees of Cornell University, as well asthe Tiki 
MD/PHD Training Program and Tréstivutional Computational Biology and 
Medicine Training Program. Applications are particularly encouraged in 


Computational Chemical Biology, Pharmacology, Developmental Biology, 
‘Neurobiology and Physiology 


Applicants should have a dectoraHlevel degree and the potential to develop an 
independent interdisciplinary research program, of a proven record of 
accomplishments. MSKCG offers x highly interactive, supportive andl dynamic 
research enironment with programs in Computational Brology, Developmental 
Biology, Molecular Pharmacology & Chemistry, Cancer Biology & Genetics, 
Structural Biology, Immunology, Cell Biology, Molecular Biology, and Human 
Oncology and Pathogenesis, aswell as unparalleled cinical programs in cancer 
research, treatment and prevention, 


E-mail your application (PDF) tn compbio€émskce.org preferably by October 1 


2007. Detailed instructions at wwew-ebio.mkec.ong/Faculty-seareh/. Need more 
information? Email Dwana at: agosto cbio.mskce.org. Department Chair: 
Chris Sander. 


MSKOCis 


2) Memorial Sloan-Kettering Cancer Center 


mative action, eqtal opportunity emplener 


Yale University 
School of Medicine 


FACULTY POSITION AT THE JUNIOR 
OR SENIOR LEVEL 


DEPARTMENT OF CELLULAR AND 
MOLECULAR PHYSIOLOGY 


The Department of Cellular and Molecular Physiology seeks applicants 
fora faculty position at the junior or senior level. Candidates must hold 
a Ph.D.,M.D., or equivalent degree. The candidate’s research interest 
should be in the general area of cellular and molecular physiolo; 
\with particular emphasis in integrative or translational research 
genetic model systems, Outstanding candidates working in othe 
molecular, and systems physiology are also encouraged 10 
ipply. Excellent opportunities are available for collaborative research, 
as well as for graduate and medical student teaching, 


Applicants should include a curriculum vitae, a statement of research 
interests and goals, and three letters of reference. Applications should 
be emailed to leisa.strohmaier(aiyale.edu in PDF format or sent to: 
Dr. Steven C. Hebert, Chair 
Department of Cellular and Molecular Phy 
Yale University School of Medicine 
33 Cedar Street 
P.O. Box 208026 
New Haven, CT 06510 


iology 


Application Deadline: November 1, 2007 


Yale University is an Affirmative Action/Equal Opportunity 
Employer: 


Work that matters. 
“Our work is more than a job, it's a 


career of mission-focused investigation.” The CNA Corporation is a non-profit institution that 
operates on the principle of conducting impartial, 
accurate, actionable research and analysis to inform 
the imp work of public sector leaders. 


Bradford Ng, Research An 
PhD. Chemistry It's work that matters, 


to serve the 


and that reflects a commitment 


blic’s interests and the common good. 


Anita Hatiangadi, Research Analyst 


oe Kathleen Ward, Research 
iad a We offer carcer opportunities for people with degrees g 
in engineering, mathematics, economies, physics. 6 
chemistry, intemational relations, national security 
fields of study D 
process driven, results oriented ~ committed to the 3) 


the CNA Corporation 


Research thot works for work that matters 


You got ir Massachusetts Institute of Technology 


IT 


Itt 
the offer Faculty Positions At MIT, McGovern Institute For Brain Research 
The McGovern Institute for Brain Research at MIT is seeking two faculty members at 
yo ua Ways the Assistant Professor, Associate Professor or Professor level. The McGovern 
Institute's general focus is in systems neuroscience with an emphasis on the neural 
basis of perception, cognition. and action. We are seeking two candidates with a 
reamed O research focus in any of these three areas, one using human subjects and the other 
. using animal models. We would regard it as a plus if the candidate's work bridges 
levels using a variety of tools and/or the candidate were interested in translating basic 
research findings into new ideas for studying the pathophysiology or treatment of brain 
Now what? =“ 
: The mission of the McGovern Institute is to understand the relationship of neuronal 
processes. circuits and computations to behavior, ultimately providing benefis 10 
wuman health and welfare. Research in the McGovern Institute is expected to help 
people with brain disorders ranging from sensory system impairments to movement 
disorders and emotional and cognitive disorders. McGovern Institute scientists have 
many opportunities for collaboration in a diverse and cutting-edge environment. In the 
fall of 2005, the Institute moved to occupy a new building, which includes a brain 
, imaging center for human subjects and animals. 

www.sciencecareers.org Applicants should submit a curriculum vitae, a summary of current and proposed 
research programs, a publication list and’ should arrange for three letters of 
recommendation 9, be sent electronically (preferably PDF) to the McGovern 

Institute Search Committee. at the following 

email address: McGoverninstituteSearch @ mit.edu. 
Please indicate which of the two positions you are 
applying for in your cover letter. Consideration of 6 


applications will begin on October 1. 2007. For 
more information on the McGovern Institute please 


Science Careers visit our website at http /Aveb.mit.edu/mogovern 


MIT is an Affirmative Action/Equal Opportunity 


From the journal Sci AAA Employer. Qualified women and minority 
onttepeemelscieee_BIAAAS candidates are especially encouraged to apply. 
http:/veb.mit.edu 


M<GOVERN INSTITUTE 
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Sigfried and Janet Weis Center for Research 
Geisinger Clinic 
SCIENTIST FACULTY 


The Weis Center for Research is seeking outstanding independent 
scientists for full ime positions at ranks equivalent to Assistant, Associ- 
ate or Full Professor at academic institutions. Substantial resources are 
available for start-up, ongoing research support and salary. Candidates 
should have proven records of innovative research at the molecular, 
cellular or genetic level in areas relevant to human disease, We are 
particularly interested in candidates with strong programs in signal 
‘transduction or cellular neurobiology that comple’ 

strength at the Weis Center (http:/www.geisings 


three oF 
tions are expected to have a history of significant extramural funding. 
The Weis Center is located on the campus of the Geisinger Medical 
Center, which is situated in an attractive semi-rural community that 
affords an outstanding quality of life plus convenient access to major 
‘metropolitan 


Qualified individuals should submit curriculum vitae, statement of 
ich interests and three reference letters to: Ms. Kristin Gaul 
(DIC), Weis Center for Research, Geisinger Clinic, 100 North 
Academy Avenue, Danville, PA 17822-2600; or submit via email 
kgaul@ geisingeredu, Please refer to position WCR-O10228 in the 
subject line, Applications will be accepted until the position is filled 


Affirmative Action/Equal Opportunity Employer 


Geisinger 
Health System 


Heal. Teach. Discover. Serve. 
wunegeisingerony 


Dedicated to Discovery...Committed to Care. 


ASSISTANT PROFESSOR 


(Tenure Track) 
Metabolic Regulation 


The Department of Cancer Biology at Dana-Farber Cancer Institute and the 
Department of Pathology at Harvard Medical School seek applicants for a 
tenure-track faculty position. We will consider outstanding applicants inte- 
ested in any area of cellular and molecular biology, but we are particularly 
interested in candidates working in the area of regulation of energy home- 
ostasis as itrelates to chronic diseases such as cancer, diabetes, aging and 
neurodegenerative diseases. The ideal candidate will be capable of working 
at the call and molecular level but will also have experience with in vivo 
‘model systems. The successful applicant will be expected to develop a strong, 
‘independently funded research program and to participate in the teaching 
‘mission of the Insttute and Harvard Medical School. Candidates must hold a 
Ph.D. and/or M.D. degree and have a strong record of research accomplish: 
‘ments. Applications from women and minority candidates are encouraged, 


Candidates should submit a curriculum vitae including a full ist of pub- 
ications, @ brief statement of previous contributions and future 
research plans as well as the names and contact information of four 


reterences to 
Faculty Search Committee 
c/o Deborah Goff 
Dana-Farber Cancer Institute 
Room SM1068, 44 Binney Street, Boston, MA 02115, 
E-mail: deborah_goff @dfci_harvard.edu 
Applications must bo 


Sob HARVARD recalved by 
EG) MEDICAL SCHOOL vember, 007 


fal Opporkinay Employ 


SHARE THE VISION. FIND THE CURE 


Cancer Genetics 
Faculty Positions 


The Cancer Biology and Genetics Prog 
SloayKeticring Cancer Center (atps/ wwseamekec ong ker ta 
seks oastancing caries for teasrecrack paiions in cancer 


invlependdent tescarth programe emphasising genetic 

ippreaches the genesis, progrenion, prowioss, peeve 

Cancer that synergize with ongoing effort the Center. An 
genetic determinants of unin cancer stmcept 


(Sth kent 


‘eter, which 0 
nt within 
le w hold 


translational rese 
facilites, Faculy 
Sle Ket 


Cancer Biology & Genetics Faculty 
Robert Benezra, PhD = Angiogenesis’ Diff 
Eric Holland, MD/PAD - Glioma Mouse M 
‘Anna Kenney, PhD - Neural Stem Cells/Braint Tumors 
Robert Klein, 
Johanna Joyce, PhD -T 
Joan Macsague, PRD - Ce 
Harold Varmmus, MD “ Molec 
Hans-Guido Wendel, MD - Genetic Basis for Drug Resistance 


Candidates should email their application, preferably in PDF format, 
cancergenGémskee.org by November |, 2007. The application should 
‘fiehude a Curricular Vitae, a description of part research a description of 
proposed research, and copies of three representative publications 
Grutdidates should signed letiers of reference sent by 
e ar mail w Joan Mamsague, Ph.D, c/0 
Maria Beckles, Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, 
Box 494, New York, NY, 10021. The letersshould arrive by November 1, 207 


Inquiries may be sent to Maria Bechles at beckesm@ mekce.org. EOE /A\. 


(B) Memorial Sloan-Kercering Cancer Center 


De Bet Cane 


Biomedical Science Faculty 
Washington State University Spokane 
Program in 
Basic Medical Education - WWAMI 


Applications are sought for up to four tenure-track faculty posi- 
tions for the new WWAMI (Washington, Wyoming, Alask: 
Montana, Idaho) Medical Education Program at Was! 
State University (WSU)-Spok 
nl/ Associate professor level, and will also be eligible to 
receive an affiliate faculty, non-tenure track appointment at the 
University of Washington Schoo! of Medicine. 


ne, These positions will be at the 
Assis 


Successful candidates will be expected to develop a strong, feder 
ally funded bion 


‘of the first year medical school courses. 


edical research program, as well as teach in one 


‘ference will be given 
» those a 
areas of strength, includir 


pplicants with research interests in one of the existing 
hromosome biology/DNA repair 
epi-genetics, cancer biology, sleep and performance, substance 
abuse and addiction, reproductive biology, at risk families and 
children and t Jational and clinical research, Strong collabora 
tive ties exist with the WSU Pullm 
about these positions including qualifications requirements may 
be found at the website www.chr.wsu.edu. 


n campus. Further details 


Further information about the WWAMI Program please sce 
http://www.spokane.wsu.edu/academics/Health_Sciences/ 
WWAMI 


Review of applicati » October 1, 2007. 


EEO/AA 


Keeper of the 
Herbarium, Library, 
Art & Archives 
£70,000 + relocation 
Kew, West London 


Kew 


PLANTS PEOPLE 
POSSIBILITIES 


Science-based Plant Conservation Worldwide 


i © 


This is a unique opportunity to make a positive and significant global difference for plants and 
people in a rapidly changing world. The plant history we have conserved over the last 250 years 
at Kew is ike nowhere else in the world. Whilst we safeguard botanical treasures from the 
ppast, our mission is to look to the future, to inspire and deliver science-based plant 
conservation worldwide, enhancing the quality of life. 

We are looking for an innovative leader with a clear vision of how our collections, research 
programmes and library services can be used to impact on the world in terms of biodiversity 
and living with environmental change. With an established international research reputation 
relevant to Kews mission, you will be responsible for leading research, curating the collections 
and our move to a new Herbarium building in 2009. You will have a doctoral degree (or 
equivalent experience) in plant systematics, collections management or a related discipline, 
with library, art or archive knowledge being highly desirable. Your flair and passion for your 
subject will ensure that our collections are used to enhance the quality of life for future 
generations through a leading plant science programme. 

In addition to the salary, benefits include an occupational pension scheme, generous annual 
leave and a stunning and prestigious work environment. 

Application packs are available from our website www.kew.org/jobs Alternatively, please 
contact the HR Department, RBG Kew, on 020 8332 5184, Please quote reference 154, 


‘Closing date: 1 October 2007. Comentted to equally 
Selection is on merit alone. wows 


‘through diversity. 


Visit your fume: WWW.kew.org/jobs 


A Career 
in science 
is more 
than just 
science. 


Science Careers 


From the journal Science JAAS 


Faculty Positions in Chemistry 
at Ecole Polytechnique 
Fédérale de Lausanne (EPFL) 


me 


ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


EPFL anticipates m: veral faculty 
appointments at the level of tenure track 
stant professor in its Institute of 
Chemical Sciences and Engineering the names and a 
(ISIC). Outstanding scientists with re- 
cognized accomplishments in chemical 
biology and in synthetic organic chemi- 
stry will be considered, For the latter posi- 
tion, we part 


Applic: 
publication list, concise statement of re- 
search and te: Ss as well as 
including 
nces should be 
submitted in PDF format via the website 
hutp:/sbepfl.ch/chemsearch by October 
30, 2007, 


wourage appli 
related to 


For addit 
Professor 


information, ph 
Hubert Girault (hubs 
girault@epfl.ch) or consult the following 
websites: http://www-epfl.ch/Eplace.htm!, 
htp://sbepfl.ch/en and http://isic.epfl.ch 


contac 


The successful 
and lead a vigorou: 
program, interact with existing projects and 
be committed to excellence in teaching 
at both the undergraduate and graduate 
Significant start-up resources and 


research infrastructure will be available. 


EPFL is an equal opportunity employer. 
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POSITIONS OPEN 


The Department of Chemistry and Biochemistry 
at Denison University invites applications for a temurc- 
track position at the ASSISTANT PROFESSOR 
level in organic chemistry, starting fall 2008, Success: 
ful candidates will demonstrate a strong commitment 
to teaching at the undergraduate level and the «2: 
pacity to develop a productive research program 
that involves undergraduates, Preference will be given 
to candidates whose research interests expand the 
diversity of research opportunities available to our 
students. Teaching responsibilities will include gen 
eral and organic chemistry and an advanced organic 
synthesis/mechanism course. Our American Chemical 
Society-aceredited Department has well-devedopat 


nd laboratory facilities, extensive 
computer resources, and a broad range of instru 
mentation that is used in both teaching and re: 
search: spectroscopy (400 megahertz nuclear magnetic 
resonance, Fourier transform infrared, ultra-violet 
Nisible spectroscopy, AA, microplate absorbance/ 
fluorescence /huminescence), separations (gas chro- 
matography [GC]/mass spectometry and other GC 
methods, high performance liquid chromatography, 
electrophoresis, centrfygation), electrochemistry, anki 
imaging (multiwavelength digital imaging, scanning 
abe microscopy) 

PRATHD. isrequired and postdoctoral experience is 
preferred, Applicants should submit a cover letter, 
curriculum vitae including a publication list, under 


graduate and graduate transcripts, a statement of 
teaching philosophy, and a summary’of research plans. 

These materials and three letters of recommenda 

tion should be sent to: Dr. Peter Kuhlman, 


ment of Chemistry and Biochemistry, Ebaugh 
Laboratories, Denison University, Granville, OH 
43023. Electronic submissions (Adobe PDE format 
nly) may be sent via e-maik: kuhlman@denison. 
|. Denison University is located in central Ohio 
30 minutes cast of Columbus and about 2.5 ho 
from Cleveland, Cincinnati and Pittsburgh, Penn 
sylvania. For fall position description, see website: 
http: //www.denison.edu /chem/ as 
sure fill consideration, completed applications must 
be received by October 13,2007, Darian 

Equal Opportunity and Afnmative Acton Empl 
tontinuing efoto diversify our campus community, women 

Mf poop of elor ae stg encwnged to apply. 


FACULTY POSITION VIROLOGIST 
¢ College of William and Mary invites applica 

tions for a tenure-track position at the ASSISTANT. 
PROFESSOR level in virology with an anticipated 
start date of August 2008. Desirable areas of exper 

tise include, but are not limited to, classical and mo- 

lecular virology, viral genetics, mafine 


plicants should consider whe 
propriate for work in a primarily 

tution, with biosafety level 
didates must display scientific breadth and dem- 
nstrate the potential and motivation to achieve ex 
cellence in teaching in a broadly based Biology 
Department, Candidates must also maintain an active 
research program with both undergraduate and 
Master's-evel students, and oben external nding 
{o support their research, Competitive startup funds 
will be provided. Previous teaching, experience will 
be advantageous, and postdoctoral experience is ex 
pected. Teaching responsibilities will include one 
Lupper-level virology course with a laboratory for one 
semester, and another course for the second semes 
ter, to be negotiated with the Chair. Review begins 
on November 1, 2007, and will continue until the 
appointment is made, For full consideration, submit 

etter of application, curriculum vitae, statements 
F research interests and teaching philosophy, and 
the names and contact information for three refer 
ences, through the College's online recruitment sys 
tem at website: http://jobs.wm.edu. The Collegeof 
William and Mary & ax Exual Opportunity Airmarive Ac 
tion Univesity. Members of underepresented groups (in 
people of lor, persons with dsailtes, Vitnam veterans, an 
women) are encouraged t apply. 
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POSITIONS OPEN 


VICE PRESIDENT and DEAN of ACADEMIC 
‘AFFAIRS 
‘The New England College of Optometry 


The New England College of Optometry invites 
nominations and applications for the position of 
Vice President and Dean of Academic Affairs. The 


successful candidate serves as the Institution’s chief 
academic officer with responsibilities that include the 
‘management, development, and implementation of 
all academic degree programs and reports to the Pres: 
ident of the College 

‘The ideal candidate must be an effective leader 
and excellent communicator, with the drive and imag, 
ination to explore new approaches to the education 
of optometry students. Required qualifications in- 
clude a strong track recond of administrative experi 
ence in an academic setting, a doctoral-level degree 
(OLD. preferred), and a demonstrated capacity to lead 
and work effectively with faculty, students, clinicians, 
and business leaders 

‘Applicants should submit a letter 0 
plete curriculum vitae, and the names and complete 
contact information for three references by Octo- 
ber 15, 2007. 

‘The College, founded in 1894 and located in the 
Back Bay of Boston, currently enrolls appro 
450 students in our O.D., MS. in vison scienc 
and intemational programs, and employs nearly 
full-time faculty members. The school is recognized 
asa Ieader in innovative optometric education, re- 
search, and community-based cye care, 

Starting date: July 1, 2008. 

‘Confidential inquiries, nominations, and applica 
tion materials should be directed to: 

Steven B, Koevary, Ph.D. 
Search Committee Chair 
‘The New England College of Optomet 
ie oe 
Boston, MA 02115 
Telephone: 617-266-2030, extension 5259 
E-mail: koevarys@neco.edut 
Website: http://www.neco.cdu 

The New England Collegeof Optometry i an Afi 

Aaion, Equsl Opportnity Employer 


FACULTY POSITIONS 
‘Membrane, Cell, and Tissue Morphogenesis 
Carnegie Mellon University 

The Department of Biological Sciences at Came: 
gic Mellon University secks to fill two TENURE- 
TRACK positions studying the molecular mechanisms 
of membrane, cell, and tissue morphogenesis, with 
special emphasis on model systems and neuroscience. 
Carnegie Mellon has a long history of intendisciphi 
nary research with strengths in light microscopy, 
fluorescent reagent development, magnetic imaging 
and computation. Research programs of current fic 
ulty include the areas of cell/developmental biology, 
genetics/molcailar biology and biochemistry /bio- 
physics, computational biology and_neuros: 

(see departmental website: 


cational programs. Candidates must have a doctoral 
degree and strong rescarch credentials 

Please send curriculum vitac, a statement of re- 
search interests, and three letters of recommendation 
to: Dr. Jonathan Minden, Department of Biolog- 
ical Sciences, Carnegie Mellon University, 4400 
Fifth Avenue, Pittsburgh, PA 15213. Review of 
applications will begin November 1, 2007. Camagie 
Melb Univenity is an Exud! Opporanty /Afiomative Aion 
Employer. Women, mivortc, veterans, and disabled persons 
sae encouraged t0 apply 


POSITIONS OPEN 


The Department of Psychology at the University 
cf Pitsburgh announces a tenure-track position at the 
ASSISTANT or ASSOCIATE PROFESSOR level 
(pending budgetary approval) in the genetics of hu- 
man behavior. 

‘Candidates for this position should exploit genetic 
approaches in a biologically informed research pro- 
grim targeted towards understanding. associations 
among genes, brain, and behavior. Investigators pur- 
suing research on measured genetic variation or gene 
expression are encouraged to apply and applications 
in quantitative behavioral genetics will be considered 
as well. The area of specialization should fall 
the scope ¢ r 
cognitive neurosience, developmental, or social 
psychology. For more information about these spe- 
sialty areas and existing programs of fh 
sce website: http://www.pitt.edu/~psych, 

Ths Univesity avs brood taps of onening 
resources and established collaborations that facili 
{ate research in genetics and neuroscience, including, 
those involving the Department of Human G 
(webwite: http://w tigen pit.cdu), Cents 


swwrmsenbecamuoda), te C 
at the University of Pittsburgh (webs 7 
cnup.ncurobio.pitt.edu), and the Department of 
Paychiatry (Website: http://www.wpic.pittiedu), 
“The review of applications will begin immediately, 


with applications received by November 1, 2007, 
receiving full consideration, Interested parties should 
submit a cover fetter, a research and teaching sta 


ment, three letters of recommendation, representa 
tive publications, and curriculum vitae to: Geneties 
Search, Department of Psychology, University 
of Pittsburgh, 210 South Bouquet Street, 3129 
Sennott Square, Pittsburgh PA 15260. For more 
information about the pexition, please contact Anthony 
Caggiula at telephone: 412-624-4501 (email: 
tonypsy@pitredu). 

The Univenity of Pitslurgh sas Afimative Aon, Equal 
Opportunity Employer. Woe and meters of minty eros 
tundeepsenned tv des se eeily encour apply 


University of Wisconsin, Oshkosh, secks tenure: 
track ASSISTANT PROFESSOR in BIOLOGY 
with specialty in animal cell physiology, beginning, 
September 1, 2008. Ph.D. required; postdoctoral ant 
aching experience desirable, Responsibilities: share 
teaching courses in molecular and. cell biology, 
al and human physiology, introductory biology 
evelop a research program in cell physiology; pur- 
site extramural funding; supervise M.S, theses, Send 
letter of application, brict statements of teaching, 
philosophy and research interests, curriculum vitae, 
reprints, three current letters of recommendation, 
and transcripts (official or photocopy) to: Chair, De- 
partment of Biology and Microbiology, Univer- 
sity of Wisconsin Oshkosh, Oshkosh, WI 54901. 
Deadline: January 3, 2008, At least onc letter of ree 
‘ommendation should come fom the candidate's cur: 
rent institution. For additional information, see the 
departmental web page at website: http://Avww. 
uwosh.edu/departments/biology/.£ 
svll regu a erininal backgound check, Afirmative Acton/ 
Exqual Opportunity Employer. 


PLANT PHYSIOLOGIST 
‘The Sonoma State University Biology Depart 
ment seeks a dynamic Teacher-Scholar for a tenure: 
track ASSISTANT PROFESSOR position starting 
fall 2008. We are especially interested in a broadly 
trained Plant Physiologist whose research focuses on 
mechanisms of adaptation to environmental. stress 
and/or change. The successtul candidate will be ex- 
pected to maintain an externally finded research 
program involving both undergraduate and graduate 
students and teach in his/her areas of expertise. Re- 
view of completed applications will begin October 1, 
2007. Sce full job announcement at our website: 


www.sciencecareers.org 


WINDSOR 


Dean, Faculty of Science 


The University of Windsor invites applications and 
nominations for the position of Dean, Faculty of Science. 


Located in Windsor, Ontario, the University of Windsor has more 
than 140 undergraduate and graduate programs across nine 
faculties for 16,000 full- and parttime students. The Faculty of 
Science has about 135 faculty members and 60 technical and 
support staff. Departments include Biological Sciences, 
Chemistry and Biochemistry, Earth and Environmental 
Sciences, Economics, Mathematics and Statistics, and 
Physics, and the School of Computer Science, and serve 2,000 
undergraduate and 300 graduate students. For additional 
information, please visit www.windsor.ca/science. 


Reporting to the Vice-President Academic and Provost, the 
Dean of Science will have excellent academic credentials, a 
strong research record, and proven administrative and 
leadership ability. The renewable five year appointment will 
commence in July 2008. 


The University of Windsor is committed to equity in its academic 
policies, practices, and programs; supports diversity in its 


Janet Wright & Associates Inc. 


ww,jwasearch.com 


teaching, learning, and work environments; and ensures that 
applications from members of traditionally marginalized 
groups are seriously considered under its employment 
equity policy. Those who would contribute to the further 
diversification of its faculty and its scholarship include, but 
are not limited to, women, Aboriginal peoples, persons with 
disabilities, members of visible minorities, and members of 
sexual minority groups. 


The University of Windsor invites such candidates to apply to its 
welcoming community and to selfidentify in their letter of 
application. Priority will be given to Canadians and permanent 
residents of Canada. The Search Committee will begin review of 
applications and nominations on October 15, 2007. 
Documentation should be submitted to the address shown below. 


Janet Wright & Associates Inc. 
174 Bedford Road, Suite 200 
Toronto, Ontario, Canada MSR 2K9 
Fax: 4169238311 
uwindsorsc@jwasearch.com 


Don’t just study great science. 


LIVE IT. 


omineaieae The Janelia Farm Research Campus of the Howard Hughes 
Application deadlines Medical Institute is a new world-class facility near 

Fortallseeo diese Washington, D.C. We are now accepting applications for a 

Completed applications graduate program in collaboration with the University of 


will be reviewed as 
they are received. Final 


Chicago and the University of Cambridge. 
Following one year of work at Chicago or Cambridge, you 


dates for completed 
applications (including will spend three or four years at Janelia Farm. You will join 
reference letters): an interdisciplinary team of top scientists pursuing two 
University of Chicago: challenging areas of research: 
December 31, 2007 teaentae th ‘ol — a 
Ghiversityof Canbrtdge: + Identifying the principles governing how groups o| 
‘Aprils, 2008 neurons process information 


HHMI ==. 
papi ares 


- Developing new imaging technologies and 
computational methods for image analysis 


Think you have what it takes to join us? 
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GENETICS and PHYSIOLOGY POSITIONS 
‘The Department of Biology at Creighton Uni- 
ersity invites applications for two tenure-track, 
ASSISTANT PROFESSORSHIPS in (1) genctics 
and (2) physiology to begin August 2008. Candidates 
shoud be qualitied to teach genetics with laboratory 
or physiology with laboratory and a semester course 
general Biology (cellular or organismal level), in 
addition to other biology courses in their respective 
disciplines for introductory, upper-division and/or 
nonscience undergraduates. Ph.D. required; post 
doctoral experience preferred. Candidates should 
possess a strong desire to teach in a liberal arts envi 
ronment. Candidates should havea rescarch program 
in any area within the discipline, amenable to the 
‘mentoring of undergradiate research students. Grad 
uate student mentoring is possible through affiliated 
programs. Normal teaching load is three preparations 
Per semester (for example, two lecture courses, one 
With laboratory), Tenure and advancement require 
excellent teaching and development of a sustainable 
research program leading to peer-reviewed publica 
tions. Opportunities exist for research collaboration 
\ith faculty in other departments, including those in 
Creighton’s health sciences schools, Additional infor: 
mation on these positions, the Department and the 
University is available at website: hetp://biology. 
creighton.edu /jobs/. To apply, send (1) curricw 
vitae; (2)” statements of teaching. philosophy, 
research interests and skills, and long-term go 
(3) documentation (if available) of teaching effec 
(4) undergraduate and graduate transcripts; 
) three lettery of reference to: Department 
of Biology, Creighton University, Omaha, NE 
68178-0103, Attention Dr. Charles Brockhouse 
(Chair, Genetics Search Committee), or Dr. John 
Schalles (Chair, Physiology Search Committee). 
Application review will begin October 1, 2007, anki 
continue until the positions are filled. Crigivon is # 
SathlicJsuit itt tha secs quai apps fom all 


Frackyronnds ws beiewe they can contribute to the Univenity'r 
‘omtanding edwational traditions. We are an Equal Oppor 
tunity Enployer/Affimanive Action Employer. Women sand 


‘minority candidates ave strongly 


ed ore 


PLANT or ECOSYSTEMS ECOLOGIST 
Colgate University 
The Department of Biology seeks a tenure-track 
ASSISTANT PROFESSOR to start August 2008, 
Ph.D. or expectation of completion this academic 
year required; teaching and postdoctoral research 
experience desirable. The successful eandidate wil: 
contribute to a foundation course entitled Evolution, 
Ecology, and Diversity; teach elective courses in plant 
ecology and in their area of spedalty; and contribute 
to interdisciplinary and University-wide programs (in 
cluding environmental studies), The appointee will 
join a biology faculty deeply committed to a strong, 
research-oriented program involving undergraduate 
students and will add to this effort by offering a re- 
search tutorial in their area of interest. The Depart 
ment offers excellent teaching and research facilities, 
including a new greenhouse and access to diverse 
local field sites. Please forward a letter of application 
with curriculum vitae, transcripts, and separate state: 
ments of teaching philosophy and research interests 
to: Dr. Timothy McCay, Chair Ecology Search, De- 
\t of Biology, Colgate University, Hamilton, 
NY 13346-1398, and alo arrange to have thre let 
ters of recommendation sent to this address. Review 
F applications will begin October 16, 2007, and 
continue until the position is filed. We intend to 
begin interviewing candidates by the beginning of 
November. Applicants with dual-career considera- 
tions can find postings of other employment oppor. 
tunities at Colgate and at other institutions of higher 
education in upstate New York at website: http:// 
www.upstatenyherc.org. Colgate Univesity ian Ego 
Opportnty /Affinnative 2 
ses faculty and staffers the University’s aaudemic mis 
for ou increasingly diverse student body 
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SITIONS OPEN 
tls ANNIVERSARY 
Florida Institute 
Technology 


HEAD, BIOLOGICAL SCIENCES 
Florida Institute of Technology 

‘The Department of Biological Sciences at the 
Florida Institute of Technology seeks an individual 
With significant accomplishments in teaching, research 
productivity, and grants acquisition for the position 
(of Department Head. Florida Tech is an independent 
university committed to the pursuit of excellence in 
teaching and rescarch in the sciences and engincering, 
Over 3,300 students are enrolled on the Melbourne 
campus located in a space and high-technology 
center on Florida's east coast, with a semitropical ci 
mate, Biological Sciences is a flagship academic unit 
in the College of Sdences with strong B.S., M.S. 
and Ph.D. degree programs in the arcas of mari 
biology, ecology, and cell/molecular biology. There 
are currently 17 full-time faculty members, 63 
graduate students, and 350 undergraduate students, 
For more information please visit website: hetp:// 
www.fitedu/biology. Successful candidates must 
have a Ph.D. degree in a biological science, excey 
tional communication skills, a clear vision ‘for the 
future of the Department, and experience in plan 
ning, budgeting, and operational management 
research projects. The area of specialization of the 
candidate is open. Applicants should send a letter of 
application, curriculum vitac, statement of educa: 
tional and administrative philosophy, and names and 

act information of four references to ¢-mail:- 
bioheadsearch@fit.edu. Altematively, materials may 
be sent to: 


Dr. Michael Babich 
Biology Head Search Committee 
Florida Institute of Technol 

150 W. University Boulevat 
‘Melbourne, FL 32901 
Review of applications will begin October 15, 2007. 
Florida Institate of Technology ts an Equal Opportunity 
Affmative Action Employer. Women and minorities are en 
‘onnaged 9 apply. 


‘The Amherst College Department of Chemistry 
(website: http://www amherst.edu/~chemistry/) 
invites applications for a full-time tenure-track AS- 
SISTANT PROFESSORSHIP in biochemistry or 
bio-organic chemistry beginning in July 2008. The 
position requires a Ph.D., and calls for teaching at 
the introductory and advanced undergraduate levels. 
Opportunitics tor teaching in intenisciplinary courses 
and programs are also available. The successful can- 
dlidate will be expected to establish a vigorous research 
program in which undergraduates can substantively 
participate. The research program may span the 
boundaries between biochemistry and other sciences 
Applicants should submit curriculum vitac, under 
graduate and graduate transcripts, a statement of 
teaching philosophy, and a detailed description of 
their rescarch plans, and should arrange for the for 
warding of three letters of reference, all to: Profes- 
sor Joseph N. Kushick, Chair, t of 
Chemistry, Amherst College, Amherst, MA 01002, 
Review of materials will begin October 8, 2007. 

Amherst College is a private, liberal ans institution 
of some 1,600 students and 190 faculty. Located in 
the Connecticut River Valley of western Massachu- 
setts, it participates with Hampshire, Mount Holyoke, 
and Smith Colleges, and the University of Massichu- 
sets in the Five-College Consortium. The College 
enrolls students from nearly every state and from more 
than forty countries. 

Ambient Colle is an Equal Opportunity, Affirmative Ace 
tion Employer and encowages snomen, persons of clor, and 
‘porons with dssiles to apply. The administesion, fanty 
sand student body are commited to atacting qualified « 
‘dates fom soups aumcetly undercpsented oa campus. 


POSITIONS OPEN 


CHAIR of BIOLOGICAL SCIENCES 
Michigan Technological Universi 

‘The Department of Biological Sciences at Mic 
igan Technological University invites applications 
for the position of Chair to begin in the 2008-2009 
academic year. The Chair will be responsible for 
‘managing the academic and financial affairs of the 
Department, the development and. growth of our 
undergraduate and graduate programs, and resource 
development. The Chair is expected to maintain a 
dynamic research program compatible with existing, 


departmental strengths in biochemistry and molec 
id Himnology, and the health 


the academic rank of ASSOCIATE or FULL PRO- 
FESSOR, and poses a distinguished record of 
research, teaching, and procurement of extramural 
funding, 

We seek an individual with the vision and skills 
to elevate the Department's prominence in biolog: 
ical research, further our strong tradition of cdu- 
cational excellence, ant grow our M.S. and Ph.D, 
programs, The Chair is expected to foster collabo- 
tations with other departments, centers, and institu 
tions; and advance the Department's position as a 
key player in life science initiatives such as sustain 
ability and biotechnology 

Review of applications will begin September 24, 
2007, and continue until the position is filled, 
bbroader position description sec website: ht 
www.bio.mtuedu/chair.htm, Please cont 
Casey’ Huckins (telephone: 906-487-2475; e-mail 
gjhuckin@mtu.edu) if you have questions about this 
position, Applicants should send: a letter of interest; 
curriculum vitae; statements of research, teaching, 
and administrative philosophies; and names of four 
references to: 

Dr. Casey Huckins, Search Committee Chair 
Department of Biological Sciences 
Michigan Technological University 

1400 Townsend Drive 
Houghton, MI 49931 

Michigan Tedhnoleical University isan Equal Opportunity 
Eductonsl Istintion/Equal Opportunity Employer/Afie 
‘mative Action Employer 


OPTICAL IMAGING SCIENTIST 

‘The Department of Medicine/Section of Car 
diology is secking qualified applicants for a full-time 
RESEARCH ASSOCIATE (ASSISTANT/AS- 
SOCIATE/PROFESSOR) position to work. with 
Dr. Stephen Archer on studies of basic mechanism 
of oxygen sensing and experimental therapies for 
pulmonary hypertension. ‘The successful applicant 
will join a new Vascular Biology Research Group, led 
by Dr, Archer. 

‘The primary activity of the Research Associate 
(Assistantt/Associate/Professor) is academic re. 
scarch, along with development of and management 
of an optical imaging core in assodation with a 
tulty member or team, Qualified applicants are required 
to possess a doctorate degree in a relevant discipline 
(cg. biochemistry or pharmacology). Applicants should 
possess excellent knowledge and have a demonstrated 
track recond of expertise performing, experiments 
using multiphoton confocal microscopy technology 
Expertise in patch clamping, and cellular electrophys 
{ology és preferred. Three to five years of postdoctoral 
training is required. A demonstrated track record of 
publication and the potential to apply for peer re- 
Viewed finding is preferred. Responsibilities include 
data management, analysis, manuscript preparation, 
and submission of protocols for approval by the In 
stitutional Animal Care and Use Committee. Prefer 
ence will be given to applicants who have experience 
at the University of Chicago, Compensation and level 
Of appointment are dependent on qualifications. The 
University provides a generous package of fringe 
benefits. Interested applicants should submit cover 
letter, curriculum vitae and three letters of reference 
via e-mail 10 Dr. Stephen Archer, e-mail: sarcher@ 
medicine.bsd.uchicago.edu. The Univesity of Chiaage 
1s an Affimatve Aion’ Equal Opportunity Employer. 


www.sciencecareers.org 


The Program in Science Technology and 
Environmental Policy at Princeton University 
2008-2009 
Fellowship Program for Distinguished Faculty, 
Senior Scholars, and Practitioners 


‘The Program in Science, Technology and Environmental Policy (STEP) at 
Princeton University’s Woodrow Wilson School of Public and Intemational 
Affairs (Michael Oppenheimer, director) announces its 2008-2009 Senior 
Fellowship program. STEP will award fellowships accompanied by one-half 
‘year support at full salary or full year at half salary to eligible, distinguished 
faculty, scholars and practitioners. These awards are designed to promote 
advanced policy research in any of these areas: global climate change, global 
‘environmental governance, energy policy, air pollution, conservation biol- 
‘ogy and ecology, biocthics and biotechnology, environmental health and 
disease, environmental economics, science and security policy, and infor- 
mation security, We seck candidates whose interests complement those of 
STEP faculty, Outstanding faculty, independent scholars, and practitioners 
anywhere in the world are eligible to apply. The fellows program is open to 
all regardless of citizenship, 


STEP fellows will have the opportunity to interact and collaborate with 

STEP faculty, other fellows, researchers.and students and to participate in the 

(ies of the STEP program including faculty graduate seminars, 

and public lectures. As part of the fellowship experience, STEP. 

fallow willbe avolved in sone of th folowing activites: pertcipation on 

university sponsored research project, collaboration with STEP faculty on 

‘projects of mutual interest, attendance at STEP seminars, and participation 
in meetings with STEP students, faculty, and postdocs. 


Salaries vary according to individual circumstances, but will not exceed 
a. maximum that is set each fall, Rank is contingent upon qualifications 
‘Applicants not on leave from other positions will be eligible for employee 
benefits; others will be eligible for health insurance only. Applicants inter- 
ested in teaching a seminar at Princeton University during their visit should 


salaries (not including summer research support) for the current academic 
year and (2) financial support available to them from their home institutions, 
‘other grantors, and any other sources during their time at Princeton, Send 
all materials via email to Charles Crosby at ccrosby@iprinceton.edu. 
The review process will begin immediately and continue until positions 
are filled. 


Program in Science Technology and Environmental 
Policy at Princeton University - 2008-2009 
Postdoctoral Fellowship Program 


The Program in Science, Technology and Environmental Policy (STEP) at 
Princeton University’s Woodrow Wilson Schoo! of Public and International 
Affairs (Michael Oppenheimer, Director) announces its 2008-2009 Postdoc- 
toral Fellowship Program, STEP will award one-year research positions (with 
the possibility of renewal for a second year) to cligible, talented researchers. 
These awards are designed to promote basic policy-relevant research under 
the supervision of one or more STEP faculty members in the broad areas of 
‘global climate change, air pollution, enengy policy, global environmental 
‘governance, conservation biology and ecology, bioethics and biotechnology, 
‘environmental health and disease, environmental economics, science and 
security policy, and information security. The Postdoctoral Fellows Program 
is open to all regardless of citizenship, but requires a completed doctorate and 
‘does not support work towards the completion of a degree. STEP fellows 
will be eligible for salary and full employee benefits in accordance with 
University guidelines. 


Applicants should senda CV and a cover letter describing their areas of exper~ 
tise and interest via email to Charles Crosby at ecrosby@princeton.edu 
‘The review process will commence immediately and continue until posi- 
tions are filled. 


‘Candidates may choose to complete the “Invitation to Self-Identify” form 
http://web.princeton.edu/sites/dofforms/ PSoftSelf1D.pdf. Providing 
the sel-identification information is completely voluntary and declining to 
submit the information will not adversely affect your candidacy. 


Princeton University is an Equal Opportunity 
Affirmative Action Employer 


fA, Universtry of LIMERICK 


REG crcscorssvimnren 


he University of Limerick (UL) with over 
11,500 students and 1,200 staff is a young, 
‘energetic and enterprising university with a 
proud record of innovation in education 
‘and excellence in research and 
Scholarship. UL is situated on a superb 
riverside campus of over 300 acres with 
the River Shannon as a unitying focal point, 
‘Outstanding recreational, cultural and 
sporting facilities further enhance this 
‘exceptional leaming and working environment. 


Research Professor in Membrane 
Structural and Functional Biology 


The University of Limerick has a strategic 
‘commitment to the area of structural biology wth a 
patticulor emphasis on celiuior membranes and on 
stuctute determination by crystallographic and 
spectroscopic means, Several groups at the 
University of Limerick share an interest in membrane 
stucturcl and functional biology, A leading Cente 
for Membrane Structural and Functional Biology is 
being developed which will support world-class 
fesearch, This Centre will enhance the Irsh economy 
In. sustainable way by contributing fo the 
knowledge base in membrane biology, drug 
discovery and sensor development, 


The University now wishes to appoint an outstanding 
individudi as o Research Professor in Membrane 
Structural and Functional Biology. The candidate 
should have extensive expertise in membrane 
structural and functional biology and be interested in 
collaboration with other groups at the Universty. The 
candidate should have an outstanding record of 
publication, oblaining research funding and a track 
fecord in innovation 


Salary Scale €109,106 - €140,385 p.a. 


Informal enquites may be made to: 
Professor Vincent Cunnane, Vice President Research, 
University of Limerick, Ireland. 

Telephone: +353 61 202686 

Email: Vincent.Cunnane@ul.ie 


Further information for applicants and appiication 
material is availabe fron: Human Resources — 
Email: ht@ul.ie - Web: http?/www.ul.ie/hvacancies/ 


Please note your application must include: 


A letter/email of introduction indicating how you 
meet the criteria outiined in the advertisement and/ 
oF Information for applicants. 


Acompéted Universty of Limerick Application Form, 


The closing date far receipt of appications is 
Wednesday 31st October 2007. Appications must be 
submitted fo the HR Divsion using the appropriate 
University Application Form before 12 noon on the 
closng date, 


Applications are welcome from 
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male candidates. The University 
is on equal opportunities caida aaa 
employer and committed to selection on mettt. 
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POSITIONS OPEN 


BIOCHEMIST or BIO-ORGANIC CHEMIST. 
“The Chemistry Department at the University of Ala: 
bama in Huntwille invites applications for a tenure- 
track position at the ASSISTANT or ASSOCIATE 
PROFESSOR level to begin August 2008. Appli 
cants must have a Ph.D. in chemistry of a related 
discipline with postdoctoral experience. The success- 
fil candidate should have a strong commitment to 
maintain an extemally funded research program in 
biochemistry and /or bio-organic chemistry with grad 
uate students in chemistry as well as interdisciplinary 
biotechnology or materials science Ph.D. programs. 
ing duties at the undergraduate and graduate 
clude biochemistry, organic chemistry, or gen: 
istry, as well as Courses in the candidate's area 
of interest. Ideally, the candidate’s research interests 
should complement those of the current ficulty in 
the biotechnology and materials science programs 
and utilize existing facilities in structural biology, 
materials characterization, and molecular modeling. 
Facilities include an 800 megahertz nuclear magnetic 
resonance (NMR) spectrometer dedicated to biomo- 
lecular NMR, Rigaku, Bruker and X-ray diffraction 
cquipment, avcess to’ the Southeast Re; y 
Jaborative Access Team beamlines at Argonne National 
Laboratory, scanning probe microscopy and scanning 
clectrn microscopy systems, Kratos XPS/ Auger spec 
trometer, and Itanium 2 and Dell Beowull clusters. 
the UAH campus is located in Huntsville, Alabama 
which is also home to the nation’s second largest 
research park, NASA's Marshall Space Flight Center, 
and the newly formed Hudson Alpha Institute for 
Biotechnology. Applicants are requested to submit 
curriculum vitae; a proposed research plan with 


estimated. startup needs; a statement of teaching, 
interests and experience; and the names and. contact 
information of at last three references to John Shriver, 
Chair of the Faculty Search Committee, va email 


Deparment fad st webler ape /chonlty. 
wwahedy/. Apiatons fom wen and minority candidates 

yeaa. The Univesity of Alans in Hane 
isan Esa! Opportnity/Afirmative Aion Employer. 


FACULTY POSITION 
Institute of Molecular and Cellular Biology 
National Taiwan University 

The Institute is seeking an outstanding individ. 
ual to fill a full-time Faculty Position available on 
August 1, 2008. The level of appointment is open. 
The specific research area should be related to mo- 
lecular and/or cellular biology. Candidates: must 
have a Ph.D, degree and have a postdoctoral ex 
perience, Preference will be given to individuals who 
submit curriculum vitae, a brief statement of re 
search and teaching course(s), and three recomm 
dation letters prioe to December 15, 2007, to: Chair, 
Faculty Search Committee, Institute of Molecular 
and Cellular Biology, National Taiwan Universi- 
ty, Number 1, Section 4, Roosevelt Road, Taipei, 
‘Taiwan 10617. Website: http://cell.lifescience.ntu, 
edu.tw/english /index.htm, 


‘The UCLA School of Public Health (SPH). 
‘TENURE-TRACK FACULTY POSITION in the 
field of global climate change. Potential discipli 
this appointment are on the SPH 
http:/ /www.ph.uela.edu, if 
fidhtes must Fave an eame 
‘apetone and schoantip in he area of 
1. Applications will be considera be 
ginning December 3, 2007, until poston Billed 
Faculty appointment level and salary will be deter: 
mined based on candidate's experience and. qual- 
ifications. Please send curriculum vitae and letter of 
interest to: Ms, Susan Fisher, Coordinator, Climate 
Change Search, UCLA School of Public Health, 
P.O. Box 951772, Los Angeles, CA 90095-1772. 
is an Afirmative Action /Egual Opportunity Ene 
ployer. Women and undemepresented minorities are encour 
‘ged 10 apply 
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OREGON HEALTH & SCIENCES 

UNIVERSITY 

The Oregon Health & Sciences University 
(OHSU) Department of Behavioral Neuroscience 
invites applications for a TENURE-TRACK JUN- 
IOR FACULTY POSITION. We seck an outstand 
ing applicant with a Ph.D. or equivalent degree, 
postdoctoral experience, and a strong. publication 
record. Evidence of extramural research funding is 
desirable. The position is not limited in arca of 
expertise; however, special consideration will be given 
to individuals with interests in the area of alcohol 
and drug abuse. Individuals with expertise in any 
area of genomics, including human. genctics, are 
especially encouraged to apply. The succesful appli 
cant mast be a US, citizen or permanent resident 
OHSU phees a high priority on cultural diversity; 
thus, we scck candidates with a demonstrated sen 
ity to and understanding of the diverse academ 
economic, cultural, disabled and ethnic 
backgrounds of OHSU's students and employes. 
‘The salary and startup package is very competitive 
‘The review of applications will begin in September 
2007. The position will remain open until filled. 
curriculum statement of 
research interests, and contact information for 
three references to: Rebecea Salzer (c-maik: salzerr@ 
ohsu.edu), Department Administrator, Oregon 
Health & ‘Science University, Department of Be- 
hhavioral Neuroscience, L-470, 3181 S.W. Sam 
Jackson Park Road, Portland, OR. 97239-3098. 

Website: http://www.ohsu.edu /behnero/. 
OHSU is av Afimanive Aci, Exual Opporinity Em 
ployer. Women, minorities, disabled perions, Vicia er and 
‘isabel ween ae enaonged 1 apply, OHSU ts 4 smoke 

free workplne 


MASSACHUSETTS INSTITUTE of 
TECHNOLOGY 
Department of Chemistry 

The Massachusetts Institute of Technology De- 
partment of Chemistry invites applications for tenure 
track appointments beginning July 2008. Applicants 
with teaching and research interests in biological, oF 
ganic, inorganic and physical chemistry are encour 
aged to apply. The appointments will be at the rank 
of ASSISTANT PROFESSOR, but outstanding sen. 
jor applicants could be considered, 

‘A completed application will include curriculum 
vitae, a one-page simmary of research plans, two or 
more rescarch proposals, and three letters of recom 
mendation. Application instructions will be posted 
by September 3, 2007, on MIT Chemistry's website: 
http: //web.mitedu/chemistry/www index.html. 
‘To receive full consideration, completed applications 
must be received by October 1, 2007. 

MIT is an Exual Oppomnity /Afinative Action E> 
Applatons fom women, minorities, veterans, older 
‘and individusle with disaslines ave sony emvouraged. 


FORMULATION CHEMIST needed with two 
years of experience to develop formulation of new 
drugs that are biowailable cicacious and stable, 
Prepare stability protocols. Prepare and review stan 
dard operating procedures (SOPs). Optimize and scale 
tip manufacturing procencs, Ina validate (ital 
lation qualification /operational qualification) and 
maintain pharmaccutical equipment under current 
good manufacturing practice. Use capsule filler, 
tablet press, hi-shear granulator, fluid bed dryer, 
tablet coater, disintegration tester, friability tester, 
blender, extruder and other process related equip 
‘ments. Mail resume to: QS Pharma, 3 Chelsea Park- 
way, Suite 305, Broothwyn, PA 19061. job location: 
Boothwyn, Pennsyhania. 


POSITIONS OPEN 


FACULTY POSITIONS 
‘Marine Ecology, Comparative Animal Physiology, 
and Structural Biology 
San Diego State University 

‘The Department of Biology seeks t0 fill three 
faculty positions at the ASSISTANT PROFESSOR 
level. Successful applicants will be expected to 
develop and maintain a vigorous, extemally funded 
research program that complements the Depart 
ment’s current Programs in Cell and Molecular 
Biology, in Ecology, and in Evolutionary Biology. 
Our faculty particpates in our undergraduate and 
gmduate (M.S, and Ph.D.) teaching programs, and 
have the ability to interact with and mentor a diverse 
student body, Candidates with research interests in 
the following areas are desired: (a) marine ecology, 
‘working in coastal or estuarine system studying pro- 
cesses at the population, community, or ecosystem 
leyek; (b) comparative animal physiology/functional 
biology, with research interests centering on address: 
ing evolutionary and/or ecological questions. in 
whole animal physiclogy/functional biology using 
modem comparative /phylo} 


structural biology with preference 
employing sta 


-obthe-art techniques of eryo-clectron 
ray diffraction, and/or multidimen: 


and/or subycllular ongancles 
The Department of Biology’ houses newly reno: 
vated ficilites that include the San Diego State 
University Electron Microscope Facility, Micro: 
chemical Core Facility, Ecology Analytical Laborato- 
ty, the recently opened Coastal Waters Laboratory, 
and. three biological field stations occupying over 
6,000 acres of diverse habitats. Applicants should 

tbmit curriculum vitae, separate statements of re 
scarch and teaching interests, three representative 
publications, and arrange for thrce letters of recom 
mendation to be sent to cither the: Marine Eeolo- 
peat! Physiology, or the Structural Biology 

-arch Committee, Department of Biology, San 
Diego State University, San Diego, CA 92182- 
4614. Review of applications will begin on Octo- 
ber 8, 2007, and will continue until the positions 
are filed, For more information sce webster hepi// 
www.bio.sdsu.edu/jobs. 

SDSU is Title 1X, Exual Opportunity Employer snd 
does not driminate against individuals om the sis of ric, 
‘religion, national origin, sexual ovicmtation, gender, marital 
as, age sity or tera stat, indi vetenns of he 
Vietnam es 


ASSISTANT/ASSOCIATE PROFESSOR, 
RNA in Gene Regulation and Small RNAs as 
Biopharmaccutical Agents 

The Center for Pharmaceutical Biotechn: 
and the Departm 
crsity of Mlinois at Chicago, invite applications 
for a tenure-track faculty position at the level of 
ASSISTANT or ASSOCIATE PROFESSOR in 
general area of RNAi-based gene regulation and/or 
small RNAs as biopharmaceutical agents. Responsi- 
bilitcs include developing a strong, externally funded 
research program and teaching in graduate and 
rofessional programs, The successful candidate will 
Five joint apporntments in the Center 
ccutical Biotechnology and the Department of Bio- 
pharmaceutical Sciences. Ph.D. and at least one year 
Of postdoctoral experience in areas related to biology 
of RNAi and/or small RNAs are required, Candi 
dates at the Assistant Professor level must have strong, 
potential for attracting extramural funding; can 
didates at the Associate Professor level must have a 
strong record of successfil extramural funding. Po- 
sition available spring 2008. For fullest considera: 
tion, send curiculum vitac, description of research 
interests and three letters of reference by October 15, 
2007, to e-mail: epbhr@uic.edu or Dr. Alexander 
Mankin, RNA ittee, Center for Phar- 
‘maccutical Biotechnology, M/C 870, University of 
linois at Chicago, 900 S, Ashland Avenue, 3052 
MBRB, Chicago, IL 60607-7173 (clectronic appli- 
cations encouraged). UIC isan Affimaive Acton Equal 
Opportunity Employer 


www.sciencecareers.org 


@ Penn 


UNivenstt¥ of PENNSYLVANIA 


FACULTY POSITION IN NEUROBIOLOGY 


The Biology Department of the University of Pennsylvania invites appli- 
cants for a tenure track position in the area of Neurobiology, with a focus 
(on individuals whase research spans from genes to brain to behavior. We 
anticipate that this appointment will be made atthe Assistant Professor level, 
but outstanding senior candidates will be given serious consideration. Weare 
particularly interested in individuals carrying out mechanistic studies aimed 
at defining the role of specific genetic networks or neural circuits in behavior. 
Suitable experimental approaches include genetics, Biophysics, cellular imag- 
ing, functional imaging, clectrophysiology, and molecular biology. We would 
‘welcome applications from researchers working on mammalian systems or 
on genetically tractable model systems such as zebrafish, D. melanogaster, 
and C. elegans, Candidates are expected to have demonstrated excellence 
‘nd productivity in research and to participate in undergraduate and gradu 
teaching, The successful candidate will join an active research program in the 
Biology Department examining the cellular and molecular basis of behavior 
using genetic, behavioral and electrophysiological approaches and willbe part 
of a strong research community at Penn in the School of Arts and Sciences 
and the Professional Schools, including Medicine. The Biology Department 
is broadly based in animal and plant molecular, cellular, developmental, and 
evolutionary biology and in ecology. 
Applicants are encouraged to email their cover letter, CV, description of 
research interests and up to three reprints as pf files to: PenaNeurobiology 

wrch @'sas.upenn.edu with Neurobiology in the Subject line. Alternatively, 
these documents may be sent to: Neurobiology Search, Department of Biol- 
ogy, University of Pennsylvania, Philadelphia, PA 19104-6018. Applicants 
at the Assistant Professor level should also arrange for atleast three letters of 
reference to be sent to the email address above (as pdf files) orto the postal 
address. In addition, a short on-line profile at https://fusion.sas.upenn.edu/ 
faculty/pos/bio/neuro must be completed by all applicants. 
Review of applicants will begin November 1, 2007. 

The University of Pennsylvania is an 


TENURE-TRACK FACULTY POSITION IN GENOMICS/ 
SYSTEMS BIOLOGY 


The Department of Biology atthe University of Pennsylvania seeking to hire 
a colleague employing genomic-scale methods to study fundamental problems 
in any experimental system (animal, fungal, plant, microbial). Areas of inter- 
est include, but are not limited to: systems-level studies of functional andor 
comparative analysis of gene activity or evolution, cellular, developmental 
or physiological processes, and computational analysis of biological signals 
or pattems. 

Applicants are expected to have demonstrated excellence and productivity in 
research, and a desire to teach at the undergraduate and graduate levels, We 
Anticipate that this appointment will be made at the Assistant Professor lev 
but outstanding senior candidates will be given serious consideration. The 
University of Pennsylvania encompasses a vibrant and collegial group of 
‘genomics researchers; if appropriate, appointment will be made jointly with 
the Penn Genomics Institute and or suitable departments within the Schools of. 
Arts and Sciences, Medicine, or Engineering and Applied Sciences. Further 
information about this search, and the Department of Biology can be found at 
www-bio.upenn.edu. 

Applicants are encouraged to email a cover leter, CV, description of research 
interests and up to three reprints as pf files to: GenomiesBiology Search @ 
sas.upenn.edu with Genomics inthe subject line. Alternatively, these documents 
‘may be sent to; Genomics Search, Department of Biology, University of 
Pennsylvania, Philadelphia PA 19104-6018, Applicants at the Assistant Pro- 
fessor level should also arrange for atleast three letters of reference to be sent 
to the email address above (as pdf files) or to the postal address, In addition, a 
short on-line profil at https:/fusion.sas.upenn.cdu/faculty/pos/bio/genomies 
must be completed by all applicants, Review of applications will begin in late 
‘October, and continue until the position is filled 


v/Afirmative Action Employer. Women and minorities are encouraged to apply 


“The premier food and agricultural research agency of USDA” 


Center Director 
Two Positions — Two Locations 


Eastern Regional Research 
Center (ERRC) 
Wyndmoor, Pennsylvania 


National Center for Agricultural 
Utilization Research (NCAUR) 
Peoria, Mlinois 


1,676 to $168,000 
Applications must be postmarked by October 15, 2007, 


The ARS is secking highly qualified candidates for two permanent full- 
positions afford the opportunity to: 
Direct an exciting group of scientists working at the leading edge of 
agricultural science 
Work collaboratively with university and industry 
Oversee facilities with unique physical capabilities and preeminent 
scientific equipment 
Impact the Nation’s leading issues of biofuels, bioproducts and food 
safety 
Join us in enhancing the health and wealth of the Nation and its people 
Solving problems, expanding knowledge, delivering answers, 
To apply, print a copy of vacancy announcement ARS:SES:07-04 and/or 
careers and follow the applica 
‘Copy mailed or for questions about these positions, call Deborah Crump 
at (301) 504-1448 or E-Mail: deborah.crump(@ars.usda.gov. U.S. citi 


zenship is required, 


USDAVARS is an Equal Opportunity Employer and Provider. 


Michiganitech 


Dean of the College of Sciences and Arts 
Michigan Technological University 
Nominations and applications are invited for the position of Dean of 
the College of Sciences and Arts at Michigan Technological University. 
We seck a dynamic individual who will move the College forward in 
achieving the University’s goals of becoming a national university 
of choice and a premier research university of intemational stature 
The Dean is the chief academic officer of the College and takes the 
ead in articulating the importance of arts, humanities, computing, 
mathematics, natural sciences, and social sciences in the general edu 
cation of all students. The Dean is expected to foster the development 
and enhancement of innovative programs at both the undergraduate 
and graduate levels and to encourage increased research and scholarly 
activity in the college. Required qualifications include distinguished 
scholarly achievements that warrant appointment as a tenured professor; 
demonstrated record of academic leadership and fiscal responsibility 
in higher education; commitment to undergraduate and graduate edu- 
cation; demonstrated ability to attract external funding; and excellent 

communication and interpersonal skills. 
For more information, visit www.esa.mtuedu/CSA Dean Search. 
Application materials should include a cover letter containing a stat 
ment of personal qualifications and a description of the candidate's 
leadership and educational philosophies, current vitae, and the names 
and contact information of five or more references. Inquiries. nomina- 
tions, and application materials should be directed to Professor Mark 
Gockenbach at msgocken/@mtu.edu or (906)487-2068. Applications 
received by November 1, 2007 will receive full consideration, although 
review of applications will continue until the position is filled. 
Women and minorities are encouraged to apply. Michigan 
Technological University is an Equal Opportunity 
Affirmative Action Employer. 


Science Career: 


Q 
4 
i) 
o 
£ 

a 
Oo 
g 
< 
i) 
an 


INTEGRATIVE BIOLOGIST 

Easter Washington University (EWU) Depart 
ment of Biology invites applications for a full-time, 
tenure-track ASSISTANT PROFESSOR position 
starting September 2008. The focus of this position 
to instruct an integrative sequence in introductory 
jology for majors and work with other faculty to 
sprove the sequence. The candidate must have 2 
strong commitment to teaching in this area and a 
research background emphasizing integration across 
multiple organizational levels within biology. Our 
Department includes a diverse faculty with over 400 
‘majors and graduate students focusing on ecological, 
molecular, physiological, and health sciences. EWU 
is located in Cheney, Washington, near Spokane, Wash 
ington, and Cocur D'Alene, Idaho, in the beautiful 
Northwest. APh.D, in biological sciences is required, 
Please submit letter of application, curriculum vitae 
teaching statement, rescarch statement, up t0 thre 
ranscripts, and have three letters 

of reference, under separate ‘cover, sent to; Search 
Committee, Department of Biology, Eastern Wash- 
ington University, 258 Science Building, Cheney, 
WA 99004-2440. Applications must be postmarked 
by October 15, 2007. Information about the Depart 
ment is at website: http://www ewu.edu/biology. 
The swcessil candidate must have the ability to promote and 


support cultural wompetency nnd chek, and show 
oof of eligibility to work fn the U.S. pursuant 10 U.S. ine 
‘migration laws, EWU is am Equal Oppomunity/Afiomative 


Action Employer, and application fom members of historically 
Iulemepresemed groups i espevally encouraged. 


CLIMATE SCIENTIST 
Environmental Studies Department 
“The Environmental Studies Department of Macalester 
ollege invites applications for a tenure-track Ch 
imate Scientist to begin fall 2008, Appointment will 
be at the ASSISTANT, ASSOCIATE, or FULL 
PROFESSOR rank. Specific areas of climate related 
interest could include climate dynamics, biosphere 
climate interaction (including agricultural systems), 
ogee cys, marly rotcorly, cen 


to build and 
maintain an active research program with students. 
Teaching duties inchide environmental science, courses 
in the arca of specialty, including climate change, and 
rotating responsibility for the senior seminar course 
d letter of application, curriculum vitae, statement 
Ftcaching philosophy and rescarch plans, and three 
letters of reterence to: De. Dan Hornbach, Chair, 
tment of Environmental Studies, Macalester 
College, 1600 Grand Avenue, St. ‘Paul, MN 


58105, Applications reccved by October 15,2007, 
will receive first consideration, More information is 
at website: hrtp://www.macalester.cdu/provost / 


positions/index.html. Macileter College ts a Equal 


Opporunity/Afirmative Action Employer and strongly 
sounager applications from women and minorities, 
The School of Earth and Environmental Science 


at Washington State University secks a tenure-track 
ASSISTANT PROFESSOR with expertise in 
hydroccology. The School will consider applicants 
from a variety of specialties that address questions 
linking water and ecological. processes. Applicants 
must have a Ph.D. and provide evidence that they 
will develop an active, independently funded re 
scarch program. A commitment to teaching and 
student training is expected. Applicants should sub 
mit: (1) a letter of application outlining teaching and 
research interests, (2) curriculum vitae, and (3) con- 
tact information for four professional references to: 
Dr. Richard Gill, Hydroccology Search Chair, 
SEES, Washington State University, Pullman, 
WA 99164-2812 U.S.A. e-mail: rgill@wsu.edu, 
Taticw of applications vil bepn October Te 2007 
WSU is amy Egual Employment: Opportnity/Atimstve 
Action Employer. 
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POSITIONS OPEN 


USDA Fag ies 


wonwaars.usda.gov 


RESEARCH MOLECULAR BIOLOGIST, 
GS-0401-12/13, The USDA, Agricultural Research 
Service (ARS), Mant Genetics Research Unit, Co- 
Jumbia, Missoun, is seeking a permanent scientist for 
rescarch within the ARS facility located at the Donald 
Danforth Plant Science Center in St. Louis, Missouri, 
The research focus is soybean sced biology, with 
emphasis on identifjing the genetic, cellular, and 

ar mechanisms regulating the accumulation 
Of specific proteins and/or oils. The applicant must 
apply cutting-edge rescarch to identify the mecha- 


nisms that limit accumulation and/or composition of 


protein and/or oil in sceds, and design strategies to 
‘overcome stich limitations. The goal of the research 
includes producing soybean lines with improved sced: 
based, value-added traits. U.S. citizenship required. 
Salary’ $63,417 to $98,041. For application procedures 
and forms, contact JoAnne Kniptash, telephone: 
5373-875- 

usda.gov, or visit the ARS website: hrtp:/ 
ars.usda.gov/Careers/Careers.htm and refer t0 Va: 
angy announcement #ARS-X7W-0327. Applications 
must be postmarked by October 30, 2007, USDA 
ARS i an Exual Oppomanity Provider and Employer. 


FACULTY POSITION in MOLECULAR 
BIOPHYSICS 
Johns Hopkins University School of Medicine 
The Department of Biophysics and Biophysical 

Chemistry (website: http:///biophysies.med jh 
edu) seeks outstanding candidates for the posi 
of ASSISTANT PROFESSOR. Appi 
sought in all areas of molecular biophysics and bio- 
physical chemistry, including, but not limited to, en- 
zymology, structural biology, single molecule studie: 
computational biophysics, biological spectroscopy, 
and mechanistic biochemistry. Priority will be given 
to applications received by November 1, 2007. Please 
submit paper copics of curriculum vitae, a summary 


of current and proposed research, and arrange to 
have three letters of recommendation sent to: 
Search Committee 
Department of Biophysics and Biophysical 
Chemistry 
Johns Hopkins University School of Medicine 
WBSB 713 


725 North Wolfe Street 
Baltimore, MD 21205-2185 
Fax: 410-502-6910 
The Jolns Hopkins Univenity is an Equal Opportunity 
Employer. 


POSITIONS OPEN 


The Department of Organismie and Evolutionary 
Biology invites both nominations and direct appli- 
cations for the HRDY VISITING FELLOWSHIP 
in CONSERVATION BIOLOGY for the acader 
ic year 2008-2009, The Hrdy Visiting Fellowship is 
available either at the senior faculty level or at the 
junior (i.c., postdoctoral) level for one or two 
semesters, Dutis will include teaching one course 
and/or giving lectures in conservation biology, as 
well as research and collaboration with members of 
the Hanard community. The Fellowship includes a 
modest travel stipend, Applicants should contact a 
faculty sponsor(s), with whom they will collaborate 
before applying. Applications should include a cover 
Jerter with a statement of intent, curriculum vitae, and 
representative publications, and applicants should 
arrange to have three letters of reterence sent, In 
guiries and applications may be sent either electron 
ically or by paper to e-mail: kparodi@oeb.harvard, 
edu or to: 
Committee for Hrdy Fellowship in 
‘Conservation Biology 
Department of Organismic and Evolutionary 
Biology 
Harvard University 
26 Oxford Street 
Cambridge, MA 02138 


ys an Equal Opportunity Employer 


Harvard Uni 


ASSISTANT or ASSOCIATE PROFESSOR 
(Marine Life Sciences) 

The Graduate School of Oceanography (GSO) of 
the University of Rhode Island invites applications 
from outstanding scientists for a calendar-year, tenure 
track position with eight months of hand money per 
year. We a ists Who. 

nary topics in ma 
fine life sciences. Special attention will be given to 
applicants with skills in advanced technologies such 
as: genomics, proteomics, remote sensing, data assim 
ilition, and numerical modeling, Visit our webs 
http://www.uriedu/human resources for full 
requirements, Review of applications will begin Oc 
tober 12, 2007, send 
via e-mail or regular post, a letter of application, eur: 
riculum vitae, statement of teaching philosophy and 
research interests, and the names and addresses of 
four references to e-mail: marindlifesciencessearch® 
g30.uFi.edt or to: Peter C, Conillon, Search Chair, 
(Requisition # SC1011842), University of Rhode 
» Kingston, RE 02881. UR/ isan 


ployment Opportunity employer 


2 


working to aden the cancers of 
‘women fay, espe inthe sence and einring dpe 


The Univenity of Redlands invites applications for 
a TENURE-TRACK FACULTY POSITION in 
biology. The successful candidate will have appro- 
priate training and expertise to teach animal physi 
ology; responsibilities will indude teaching. both 
nonmajors and majors and involving undergraduates 
in research. A Ph.D. (by September 2008), evidence 
of excellence in undergraduate teaching, and a com 
mitment to undergraduate research are required. 
Please send letter of application, curriculum vitae, 
description of research plans, statement of teaching 
Philosophy with a list of potential course offerings, 
and arrange for thee letters of recommendation to 
be sent to: Chair, Search Committee, Department 
of Biology, University of Redlands, P.O. Box 3080, 
Redlands, CA 92373-0999. Applications received 
by October 26, 2007, are assured full consideration. 
Located in an ethnically and culturally diverse re- 
gion midway berween Las Angeles and Palm Spring 
the University of Redlands (website: 
‘redlands.edu) is a private, selective, 
versity enrolling approximately 2300 undergraduates 
in the residential College of Arts and Sciences. The 
University of Redlands i an Eu ya 
We atively sec applications from member of ndereprsentcd 
populations 


CAREER OPPORTUNITY 
This unique program offers the candidate with an 
camed Doctorate in the life sciences the opportunity 
to obtain the Doctor of Optometry (0.D.) degree in 
7 months (beginning in March of each year), 
Employment opportunities exist in research, educa- 
tion, industry, and private practice. Contact the 
Admissions Office, telephone: 800-824-5526 at 
the New England’ College of Optometry, 424 
Beacon Street, Boston, MA 02115. Additional infor 


‘mation at website: http://www.neco.edu, e-mail: 
eames 


POSTDOCTORAL FELLOW POSITIONS 
available to study the role of membrane-anchored 
metalloproteinascs in development and cancer (c.f, 
Gell 125:577, 2006 and 114:33, 2003; Genes Dev 
20:2673, 2006). Strong background in cell or mo- 
iccular biology required. U.S. citizens and resident 
aliens only. Send curriculum vitae and letters of ref- 
erence to: Stephen J. Weiss, M.D., Upjohn Pro- 
fessor of Medicine, Chief, Molecular Medicine 
and Genctics, University of Michigan, 5000 LSI, 
210 Washtenaw, Ann Arbor, MI 48109-0640. 


www.sciencecareers.org 


Take your next 
Career step. 
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Your career is our cause 


» Thousands of job postings 
> Career advice from experts 
> Funding information 

>» Resume/CV Database 

> Career Forum 

> Much more 


www.ScienceCareers.org 
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POSITIONS OP 


® 
ASSISTANT RESEARCH PROFESSOR in 
HYDROLOGICAL/ECOLOGICAL 
INFORMATICS 
‘The University of Arizona 

__ The Colleges of Agriculture and Life Sciences and 

incering at the University of Arizona in Tucson 
invite applications for a nontenure-cligible faculty 
position ar the Assistant Research Professor level (100 
percent research; academic year appointment) with 
expertise related. to hydrological ecological infor 
matics. The person in this position will provide tech 

ial leadership and oversight of the development of a 
statewide water informatics system, Arizona Hydro: 
logic Information System (AHIS). AHIS isa critical 
cor ri-university Arizona Water Insti 
tutes Expertise Is required in inormacics, design and 
construction of computer database applications, data 
sharing, systems, web-based access and retricval sys 

sms, and applications of integrating large hydrolog. 
ic, biological, physical, and social datasets in multiple 
formats across spatial and temporal scales. Experience 
Working on collaborative, multidisciplinary teams and 
With applied uses of information systems for research 
and/or decision making is required. It is desirable 
thar the applicant have one or more degrees in a nat 
tural resources related field, significant expericnee in 
electronic communications, and a proven track recon 
in grantsmanship. 

Mull description and application for this position 
isavailable at website: hetps://www-uacareertrack. 
com/. Look for job # 38591, his position wil remain 
‘open tnt tiled, formal reviews began August 6, 2007. 

The Univesity of Arisome ts an Exual Employment 
Opporunity/Affimative ‘minorities /women perms 
uth dane eters employer. 

Contact: Jeffrey C. Silvertooth, Chair, Soil, 
Water and Environmental Science Department, 
1177 E. Fourth Street, Shantz 429, Tucson, AZ 
85721, E-mail: silver@ag.arizona.edu. 


BIOLOGIST/BIOINFORMATICS/PROTEIN 
STRUCTURE 
The Department of Biological Sciences at Marquette 
«tenure-track ASSISTANT PROFES- 
SOR position available August 16, 2008. Applicants 
must have a Ph.D. with postdoctoral experience. 
The successful candidate is expected to develop an 
extramurally funded research program that will com 
nt existing areas of research within the De- 
http://biology.marquette. 
be given to applicants wh 
de expertise in bioinformatics, ge 
nomics oF protein structure that enhances ongoing 
programs campus-wide, Teaching responsibilities in 
clude an introductory biology course for undergrad 
uate majors and a graduate course in the candidate's 
area of expertise cach year. Review of applications 
until the position is fille. res should apply 
online at website: http: //carcers.marquette.eduy/ 
applicants/CentralzquickFind51073 Application 
process requires curriculum vitae, sta 
search and tcaching interests, Throe re 
are to be sent to: Dr. Robert Fitts, Chair, Depart- 
ment of Biological Sciences, Marquette Univer- 
sity, WLS 112, P.O, Box 1881, Milwaukee, WI 
53201-1881. 


Energy, materials, and food from managed eco- 
systems: the Energy and Resources Group at Univer 
isty of California, Berkeley, sccks a colleague for a 
full-time, tenure-track appointment at the ASSIST- 
ANT PROFESSOR level in the interdisciplinary 
area of energy, materials, and food from managed eco 

systems. The closing date is 1 November 2007. For 
details, sec website: http:/ /erg.berkeley.cdu, or cll 
telephone: 510-642-1640. 
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POSITIONS OPEN 


ANIMAL PHYSIOLOGIST, ASSISTANT 
PROFESSOR, TENURE TRACK 
‘Academic Year 100 Percent 

‘The Department of Biology in the College of 
Science and Health at the University of Wisconsin, 
La Crossc, invites applications for an academic year, 
tenure-track position at the level of Assistant Pro- 
fessor. We scck an engaging Teacher and Scholar 
\with a strong commitment to undergraduate educa- 
tion and who can serve as an inspirational mentor 
and role model for students with diverse carcer goals 
and backgrounds. The successful candidate will 
teach animal physiology or environmental physiolo- 
gy, human anatomy and physiology, and develop a 
counse in her/his arca of expertise or participate in 
teaching in our biology core curriculum. A Ph.D. 
in a biological science is required. Some previous 
teaching experience and experience with diversity 
issues is desirable. The sucessful candidate will be 
expected to develop an extemally funded research 
program and direct undergraduate and graduate 
(M.S,) research, Academic year salary is competitive 
and commensurate with experience. Start August 
28, 2008. Applicants should submit letter of ap- 
pliation, curriculum vitae, statements of teaching, 
philosophy and rescarch intcrests, graduate and un 
ddergraduate transcripts and three tters of recommen. 
dation to: Dr. Mark Sandheinrich, Department of 
Biology, University of Wisconsin-La Crosse, La 
Grosse, WI 54601. Electronic applications can not 
be accepted and applications must be received by 
November 15, 2007. UW, Lr Gose, isan Afiamative 
Acton Equal Opportunity Employer. Women, pron of 
‘and indirsls wat disability ae encouraged to apply. Uf you 
Ihave spel need azommodaton w aid your parton in 
‘our hiring press, auie conta Marke Soudheinrih 19 make 
‘ne 


‘nevesarily disqualify an applicant. tn compline with the 
Wisonsin Fair Employment Act, UW, La Grose, docs not 
docrminate of amen or amction mvord. 


SENIOR ASSOCIATE EDITOR 
Cancer Research 

The American Association for Cancer Research 
(AACR) is sccking a mid-career scientist with a 
broad-based knowledge of cancer research and 
related sciences to serve as the fulltime Seni 
Associate Editor for Cancer Rocardh, the leading 
journal in the field. The Senior Associate Editor will 
help develop content by working with authors and 
the other journal editors to obtain original research 
and synoptic articles, This individual will also serve as 
a principal liaison to the scientific community and 
will attend meetings and monitor literature to keep 
current with latest developments to enhance the 
joumnal’s importance two the research community 
The Editor will manage and monitor solicited con 
tent, in consultation with the Editor-in-Chief, and 
interact with peer reviewers, authors, and others 

Requirements: Doctorate and three to five years 
of postdoctoral research experience, superior verbal 
and written skills, publications, knowledge of journal 
publishing and Cditorial processes, strong. organi 
zational skills, and the ability to revise content to 
improve presentation, we invite you to submit your 
resume/curriculum vitae to: Human Resources, 
P.O. Box 40138, Philadelphia, PA 19106; fax: 
215-440-1045; e-mail: humanresources@aacr-org. 
gual Opportunity Employer 


BIOCHEMISTRY 
Illinois Wesleyan invites applications for a 
TENURE-TRACK POSITION in biochemistry 
Our American Chemistry Society-certied Chemis 
try Department sccks candidates who share our 
enthusiasm for interactive karning and student 
faculty research. For a complete position description, 
qualifications, and application instructions, sce ot 
advertisement at websites: 
~iwujobs or http://www. 


Your 

career 
is our 
cause. 


Get help 
from the 
experts. 


www. 
sciencecareers.org: 


* Job Postings 
Job Alerts 


Resume/CV 
Database 


* Career Advice 


* Career Forum 


* Graduate 
Programs 


* Meetings and 
Announcements 


Science Caree! 


Review of applications will begi 
2007, and continue until the position is filled. Hine 
Wesleyan Univesity isn Equal Opportunity Employer. 


www,sciencecareers.org_ 


Genetic Analysis: Model 
Organisms to Human Biology = <:-» 


of America 


SESSIONS 


GSA MEETING Prokaryates Carol Gross 
and Pathogens Joe DeRisi, Claire Fraser, Stan Leibler 
January 5-8, 2008 any OFM 
; Chromosomes yy Orava 
San Diego, California Johannes Walter, Tom Petes, Pat Hunt 
= Barbara Meyer 
Chromatin Rudolf Jaenisch, David Allis, Steve Jacobsen 
KEYNOTE SPEAKERS: RNA-Mediated Greg Hannon 
Andy Fire Regulation Rob Martienssen, Meng Chao Yao, David Bartel 
© Richard Axel ‘Allan Bradley 
Fase Camis Technology Hugo Bellen, Michele Calos, Paul Stenberg 
Neurobiology Cori Bargmann 
0 poster sessions and Behavior Karl Deisseroth, Gene Robinson, Ulrike Heberlein 
PLUS Population Trudy MacKay 
19 additional speakers Genetics Steve Scherer, Daniel Barbash, Sarah Tishkoff 
chosen from abstract submissions! noi Dan Gottschiing 
igeing ‘Andy Dillin, Leonard Guarente, Daniel Promislow 
Abstract Submission Deadline: Guts Somarvile 
November 14 Bioengineering Claudia Schmidt-Dannert, Mary Lou Guerinot 
Early Registration Deadline: 
Denenner www.GSA-MODELORGANISMS.org 
CONFERENCE AWARDS 
jam Cotngy Presented by. 
A me University of 
Nf Soils? — Massachusetts 
; ' at Amherst 
fy, Sediments 
% and Water ‘O) 
fe] October 15-18, 2007 
u The Debiopharm 
N ane in neuroscience goes to ! 
¢c ‘On August 30, 2007, Dr Zoltan Nusser* from the Insti- The Award ceremony which took place at the Ecole 
E tute of Experimental Medicine ofthe Hungarian Acade- Polytechnique Fédérale de Lausanne (EPFL) in Swit 
my of Sciences received the Debiopharm Life ences zerland, during the EPFL Life Science Symposium 
iM ‘Award for his outstanding research in fundamental and 2007, was funded by Debiopharm SA. and organised 
Pa: = linical neuroscience by the EPFL. With this nomination, Dr Nusser and his 
‘iE a a Spec laboratory received CHF 100'000, 2 certificate and an 
Fy ith cng: 9 Tanya Hs work focuses on understanding the sub cellar etched crystal tribute commemorating this honour. 
Suayromrec ‘organisation and function of synapses inthe central 
Bg Nab entre a cote nervous sjsem and their imolvementin neuronal net- The objective ofthe Debiopharm Life Sciences Award 
Teetniquet fer Casi nd aacrecmar-yurets work activities underlying sensory perception. Some of is to mentor and motivate young innovative European 
Propane coreranpel prey reread his achievements include the FENS/Boehringer Award; researchers in the field of life sciences, with a focus 


the Hungarian “Akadémiai Prize”; the European Young this year on neuroscience, Potential candidates for the 
Investig ‘Award; the Wellcome Trust intermational Award are required to be under the age of 40, with 
Senior Research Felowship and the Howard Hughes research having therapeutic and industrial potential 
Medical Insitute Intemational Research Scholarship. Selection criteria indude novelty and orginaty of the 
Lech ca He has published his research in leading publications _ work, s well sis importance and significance in con 


evens craw induding Nature, Neuron and PNAS. nection with targeted therapeutic fields 


For farther information contact 
the Conference Directors: 

Paul Kostech, PhD. » Edward Calabrese, PhD. 

Prone: [313] 545-1239 « ww UmassScts com 


yrpARo 
BER Ncts anazo 


‘Check Our Website for more info 
www.UMassSoils.com "Dr Nese Head ot the Cedar Newopiog Labutary 
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POSITIONS OPEN 


FACULTY POSITIONS in POPULATION AND 
EVOLUTIONARY ECOLOGY at the 
ASSISTANT /ASSOCIATE LEVEL 

As part of its strategic planning, the newly formed 

Odum School of Ecology at the University of 

Georgia anticipates multiple new faculty lines and 

now seeks to fill ewo tenure-track pasitions at the 

level of Assistant or Associate Professor. One post is 

in the area of population ecology, with the successful 

applicant expected to complement our existing 

strengths in theoretical ecology, disease ecology, 

spatial ecology, species interactions, or conservation 
ogy. We also invite 

in evolutionary ecology, and seek a candidate who 

integrates fickl, experimental, and/or theoretical 

approaches to investigate questions at the interface 
of ecology and evolution. Successfull applicants will 
be expected to develop a creative research program 
capable of attracting extramural funding and dem 
onstrate an interest in teaching at the undergraduate 
and graduate levels. Applicants should submit cur 
riculim vitae, PDFs of three publications, a cover 
letter indicating career goals, and bri statements of 
teaching and research interests. Four letters of ref 
erence should also be sent. Applicants for the popu 
lation ecology position should submit application 
materials to e-mail: popecol@ecology.uga.edu, 
while evolutionary ecology applications should be 
sent to email: evoleco@ecology.uga.edu. To en 
sure full consideration, applications should be 
received by October 12, 2007. Additional informa 
tion about the positions and Odum School can be 
found at website: http://www.ecology.uga.edu 
or by e-mailing to e-mail: ecology@uga.cdu.. The 

Univenity of Geogis is an Afirmative Action/E ual Op 

portunity Employer 


‘TEXAS A&M UNIVERSITY 
Department of Biochemistry and Biophysics 
The Department of Biochemistry and Biophysics 

at Texas A&M University (website: http:// 

biochemistry.tamu.edu) invites applications. for 

‘TENURE-TRACK FACULTY POSITIONS in 

the arcas of biochemistry, biophysics, molecular 

netics, or structural biology. At least wo positions 
will be filled, Faculty rank is open and applications 
from outstanding candidates at all levels are encour 

Aged, In addition to establishing. vigorous indepen 

dent’ research programs, the successful candid: 

il teach at the undergraduate and graduate levels. 
Candidates should. submit curriculum vitae, up to 
three reprints, a description of research plans of up to 
three pages, and arrange for three professional refer 
ence letters’ to be submitted. All documents can be 
submitted electronically to e-mail: tamu@bichsearch. 
tamu.edu or in paper form to: 

Biochemistry Search Committee 
‘Texas A&M University 
Department of Biochemistry and Biophysics 
2128 TAMU 
College Station, TX 77843-2128 

Review of applicants will begin November 1, 2007, 
and will continue until the positions are filed. Tex 
AEM Univerty isan Equal Oppornmity/Afiematie Aa 
Employer ta is commited to improving diversty. 


POSTDOCTORAL POSITIONS 
Prostate Cancer 
An excellent opportunity for carcer development 
to instructor and junior faculty appointment, the 
position will study the development and growth of 
fusing mouse prostate stem cell 
‘of the Pim protein 
kinase and regulation of TOR. Individuals should 
have a strong background in transgenic knockout 
mouse models and molecular biology/protein chem 
istry. Forward curriculum vitae and the name of 
thrce references to: Andrew S. Kraft, M.D., Di- 
rector Hollings Cancer, Center, 86 Johnathan 
Lucas Street, P.O. Box 250955, Charleston, SC 
29425, E-mail: hecjobs@musc.edu. Please refer 


POSITIONS OPEN 


FACULTY POSITION 
‘Community or Ecosystem Ecology 


‘The Department of Biological Sciences at Wich 
State University (WSU) seeks a Community or Eco: 
system Ecologist for a tenure-track position at the 
rank of ASSISTANT PROFESSOR. The suc 
cessful candidate must have a research focus with a 
significant field component. We also expect the can 
ddidate to make use of the WSU prairic ficld station 
for research and teaching activitics. An attractive 
startup package is supported by funding from Kansas 
NSF Experimental Program to Stimulate Com: 
petitive Rescarch. All members of the faculty par 
ticipate in gencral biology and nonmajors course 
while offening advanced courses in their discipline 
‘The successful candidate is expected to develop and 
maintain an extramurally finded research program 
that trains graduate and undergraduate students. 
Candidates must hold a Ph.D. or equivalent degree 
in the life sciences and have postdoctoral experi 
good communication skills, and a record of research 
productivity. Applications mast include statements of 
research and teaching interests, comprehensive cur 
riculum vitae, three simple publications, and contact 
information for three professional references, We scck 
applicants who are motivated to work ina collegial a 
mosphere to foster excellence in teaching and research 
collaborations with existing faculty and are interested 
in promoting diversity in higher education. The 
Department inchides core failities in environmental 
biology, imaging, and bioinformatics, and maintains 
an animal care facility and greenhouse, More informa: 
tion about the Department is available at website: 
hetp://www.wichita.edu/biology. Wichita $ 
University is a metropolitan research-intensive 
versity set in a suburban area of the largest city 
Kansas and attracts a diverse student body. Review of 
complete applications will begin on October 8, 2007, 
and continue until the position is filled. Send ap. 
ications to: Dr. William Hendry, Department of 
Biological Sciences, Wichita Sate Univers 
1845 Fairmount, Wichita, KS 67260-0026. 1" 
State Univenity is an Eigual Opportanity Employer. 


POSTDOCTORAL RESEARCH ASSOCIATE 
Description: Highly motivated and independent 
dividual to work in the arcas of genome instability 
anal repeat expansion di 
tufts.edu/biology /labs/mirkin/). 
Requirements: Successful candilate should have 
a Ph.D. and a strong background in molecular biol 
‘ogy and/or genctics. Experience in studics of DNA 
nn in 
ald be desirable. Arcas 
1¢ mechanisms of the 


replication, recombination, and/or transcript 
yeast or mammal 


n cells w 


interplay between DNA replication and transcription 


in genome organization 
Send a cover letter detailing both your scientific 
experience and your interest in this position, cur 
riculum vitae, and contact information for three ref 
Professor Sergei M. Mirkin 
White Family Chair in Biology 
Tufts University 
Biology, Barnum 101B 
Medford, MA 02155 


sergei.mirkin@tufts.edu. 


ANIMAL CELL BIOLOGIST, ASSISTANT 
PROFESSOR. Gustavus Adolphus College, Min 
nesora. Fall 2008. We scck candidates committed t0 
excellence in teaching at a liberal arts college, to de 
veloping an active undergraduate research program, 
and to successfully working with culturally diverse 
groups. Teaching and research interests in cell sig- 
naling using imaging techniques arc prefered, More 
information at website: http:/ /www.gustavus. 
edu/oncampus /humanresources/employment, 


ence ad #5001 


1450 
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POSITIONS OPEN 


Three POSTDOCTORAL RESEARCH FEL- 
LOWSHIPS and two RESEARCH ASSISTANT 
POSITIONS are available in the Laboratory of Nano- 
medicine and Biomaterials at Brigham and Women's 
Hospital, Havant Medi This: multidis- 
ciplinary’ research grouy levelop. 
ment of novel nanotechnology based approaches 
for cancer and cardiovascular therapy. The positions 
require an extensive expertise in the use of high 
throughput spprosches forthe devclopmnent of dig 
encapsulated targeted polymeric nanoparticles which 
will be carried by Ph.D. polymer chemist and chem 
al engineers; and the in vitro and in vivo evaluation 
these formulations in appropriate cell and animal 
mods of diseases by Ph.D. cell biologist, biochemist 
and pharmacologist candidates with B'S, or MS. 
level training and appropriate laboratory experience 
will be considered for Research Assistant position in 

these areas 
Applications, induding curriculum vitae and bib: 
Jiography, summary of past accomplishments should 

be sent to: 

‘Omid C. Farokhzad, M.D. 

Assistant Professor of Anesthesia 
Harvard Medical School 
Department of Anesthesiology 
Laboratory of Nanomedicine and Biomaterials 
‘Thorn-1305 
75 Francis Street 
Boston, MA 02115 
E-mail: ofarokhzad@ zeus.bwh.harvard.edu 


The Center for the Neurobiology of Aging at 
the University of Florida has POSTDOCTORAL 
FELLOWSHIP POSITIONS available to. work 
with its faculty in al aspects of brain aging including, 
related neurodegenerative diseases and obesity/ 
metabolic aspects of aging. ‘This NIA funded train 
Wf program has been successful over the past 18 
years in. preparing researchers for permanent aca 
demic and company positions. Applicants. must 
receive their doctoral degrce by the start of the fel 
Jowship. Please send curriculum vitae and the names 
Of three references to: Dr. Phili 
Box 100267, University of Florida, 
FL 32610. E-mail: scarpace@ufledu, ‘hi is un 
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Oligo Synthesis Columns 


© Columns For All Synthesizers 
| FStandard and Specialty CPGs 


¥ Bulk Column Pricing Available 


MOSEARGH 11900 GENOME: 


top 
Sige, 


KlenTaq1 


———————— 
US Pat #5,436,149 ermal ol 


Call Ab Peptides 1+800+353+3562 
Fox 314+968¢8988 _www.abpeps.com 


www,sciencecareers.org 
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Looking for miRNAs? Look no further. 


IDT introduces the miRCat™ Cloning Kit for small RNA discovery 


miRCat™ small RNA cloning is based on the pre-activated, adenylated linkering method that has been 
successfully used in many labs since its development in 2001’. miRCat™ permits cloning from any RNA source 
in any species. 


Material sufficient for ten cloning experiments is provided in the miRCat™ Small RNA Cloning Kit, and a 
detailed technical manual provides instructions for cloning and sequencing small RNAs either as individual 
clones or as concatamers. 


www.idtdna.com for more m information 
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INTEGRATED DNA SAGE 
TECHNOLOGIES Outside US: +1-319-626-8400 oesose 


Powerful, Multi-modal Imaging 


Now so easy 
everyone is 
lining up to do it! 


The KODAK In-Vivo Imaging System FX Pro combines high-sensitivity 
Optical Molecular Imaging and high resolution digital X-ray to deliver 
precise anatomical localization of molecular and cellular biomarkers, 


New full precision automation makes complex multi-modal imaging 


cranial region of the mouse 


imaging : 
two lesio Whether you're performing multi-wavelength fluorescence, lumines- 


skull locations cence, X-ray, radioisotopic or a combination of these imaging modali- 
ties, the In-Vivo FX Pro fully automates the process for an entirely new 
level of sensitivity, throughput, repeatability, and ease-of-use. 


7-747-4357, 


arestreamhealtt 


Molecular Imaging 


A division of 


